



The healthy primary school of the future
Citation for published version (APA):
Oosterhoff, M. (2021). The healthy primary school of the future: evaluating the health-economic impact of
primary school-based lifestyle interventions. Gildeprint Drukkerijen.
https://doi.org/10.26481/dis.20210305mo





Publisher's PDF, also known as Version of record
Please check the document version of this publication:
• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.




Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.
If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license
Take down policy
If you believe that this document breaches copyright please contact us at:
repository@maastrichtuniversity.nl
providing details and we will investigate your claim.




    
The Healthy Primary School of the Future: 
evaluating the health-economic impact of 






The research presented in this thesis was conducted at CAPHRI Care and Public Health 
Research Institute, Department of Clinical Epidemiology and Medical Technology 
Assessment, of Maastricht University Medical Center +. CAPHRI participates in the 
Netherlands School of Public Health and Care Research CaRe. The study was funded by 
Limburg provincial authorities (Project Number 200130003), Friesland Campina (Project 
























@ copyright Marije Oosterhoff, Maastricht 2020 
 
Cover: Sanne Slegers en Tim van Waas 
Layout: Tiny Wouters 




All rights reserved. No part of this publication may be reproduced or transmitted, in any 
form or by any means, electronic, mechanical, photocopying, recording or otherwise, 
without prior permission of the author or the publishers of the published chapters. 
 
 
    
The Healthy Primary School of the Future: 
evaluating the health-economic impact of 





ter verkrijging van de graad van doctor aan de Universiteit Maastricht,  
op gezag van de Rector Magnificus, Prof. dr. Rianne M. Letschert,  
volgens het besluit van het College van Decanen,  
in het openbaar te verdedigen op 











Prof. dr. M.A. Joore  
Prof. dr. O.C.P. van Schayck  




Prof. dr. S.P.J. Kremers (voorzitter) 
Prof. dr. T.L. Feenstra (Rijksuniversiteit Groningen) 
Prof. dr. J.A. Knottnerus 
Prof. dr. M. Pavlova  































Table of contents 
Chapter 1 General introduction  7 
 
Chapter 2 Longitudinal analysis of health disparities in childhood 19 
 Published in Archives of Diseases in Childhood 
 
Chapter 3 The effects of school-based lifestyle interventions on body mass  45 
 index and blood pressure: a multivariate multilevel meta-analysis 
 of randomized controlled trials 
 Published in Obesity Reviews 
 
Chapter 4 A systematic review on economic evaluations of school-based  89 
 lifestyle interventions targeting weight-related behaviours among  
 4–12 year olds: Issues and ways forward 
 Published in Prevention Science 
 
Chapter 5 A Cost Analysis of School-Based Lifestyle Interventions  121 
 Published in Prevention Science 
 
Chapter 6 The short-term value of the ‘Healthy Primary School of the  141 
 Future’ initiative: a social return on investment analysis  
 Published in Frontiers in Public Health 
 
Chapter 7 BMI trajectories after primary school-based lifestyle interventions: 183 
 unravelling an uncertain future. A mixed methods study  
 Accepted for publication in Preventive Medicine Reports 
 
Chapter 8 Lifetime cost-effectiveness and equity impacts of the Healthy  229 
 Primary School of the Future initiative  
 Published in BMC Public Health 
 
Chapter 9  General discussion 263 
 
Addenda Summary 283 
 Samenvatting 291 
 Valorisation 301 
 List of publications 309 
 About the author 315 


































 General introduction 
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More than half of the adults in the Netherlands are currently overweight or obese.1 It is 
expected that the prevalence rates of overweight and obesity will continue rising, by 2040 
62% of Dutch adults will be overweight.2 The need for prevention measures is widely 
recognized in order to turn off the tap.3 In childhood already, there is considerable room for 
improvement in healthy eating and physical activity. Among Dutch 4-9 year olds, only 41% 
and 42% adhere to the recommendations of eating at least 150 grams vegetables and 150 
grams of fruit per day, respectively. These rates even decrease to 25% and 20% among 9-
12 year olds.4 In addition, the high consumption of energy-dense snack food and drinks is 
worrying.5 Children also spend too little time in physical activity as only half (48%) of Dutch 
children are sufficiently physically active.6 Sustained periods of excess energy intake and 
too little energy expenditure result in the accumulation of excess fat mass and overweight. In 
the 1980’s, one in 20 children in the Netherlands were classified as overweight or obese, 
which has increased to one in seven children in 2009.7 Next to the group with an early 
onset of overweight or obesity, a significant proportion develops overweight in late 
adolescence or early adulthood.8,9 Furthermore, Geserick et al. (2018) reported that the 
most rapid increase in BMI among overweight adolescents had occurred between 2 and 6 
years of age.10 Overall, these findings stress the need for intervening early in childhood with 
the notion: the earlier the better. To deliver lifestyle interventions in childhood, investments 
need to be made on the short run, while the benefits stretch over a longer time period (from 
childhood into adulthood). To inform investment and adoption decisions it is important to 
have insight into the effectiveness and cost-effectiveness of interventions on the short, 
medium, and long-term. 
Consequences of unhealthy behaviours  
Childhood  
Acquiring unhealthy behaviours has adverse consequences that can already manifest in 
childhood. These impacts are seen for the physical, mental, and social aspects of health.11 In 
addition to the development of overweight or obesity, children’s health may be 
compromised by metabolic deficiencies, such as insulin resistance, diabetes type 2, high 
blood pressure, and elevated levels of blood cholesterol. Whereas these precursors of 
cardiovascular disease were previously only seen in adults, they are nowadays also 
observed in overweight and obese children.12,13 Studies have also reported links between 
lifestyle factors and children’s emotional health, social wellbeing, and HRQOL, which may 
be compromised by problems such as peer difficulties, bullying, and a low self-esteem.14-16 
Furthermore, there is increasing evidence that health behaviours are associated with 
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children’s ability to learn.17,18 High BMI values are more prevalent among children with a 
low socioeconomic background, and evidence suggests that the socioeconomic inequalities 
in metabolic health also emerge in early childhood.19-22 
Adolescence and adulthood 
The burden of unhealthy lifestyles in childhood also affects outcomes in adolescence and 
adulthood. Obese children and adolescents are about five to six times more likely to 
become obese in adulthood as compared to their peers who are not obese.23-25 The high 
prevalence of childhood overweight and the persistence of it add to the already worrisome 
occurrence of overweight in adults.24 Depending on the age of onset and duration of excess 
weight, overweight children are at an increased risk of developing chronic disease in 
adulthood, such as type 2 diabetes, chronic heart disease, several types of cancer, and joint 
problems.26 An earlier onset of chronic disease has also been associated with more 
complications: Hillier & Pedula (2003) found that persons who were diagnosed with type 2 
diabetes before the age of 44, were 14 times more likely to develop myocardial infarction 
in comparison to those who developed type 2 diabetes at older ages.27 Chronic disease 
leads to reduced HRQOL, high healthcare costs, and lost productivity (absence from work 
due to disease).28 
Hamilton et al. (2018) reported that the lifetime cost of an obese child amounted to 
€149,206 (boys) and €148,196 (girls), which was made up of €16,229 (11%) in 
healthcare costs and €132,977 (89%) in productivity losses due to workdays lost or income 
penalty as a result of an individual’s weight status.29 Socioeconomic disadvantage in early 
life is associated with an increased cardiovascular disease prevalence and mortality in 
adulthood, which seems to be driven by a combination of biological, behavioural, 
psychological, and social factors.30,31 The burden of unhealthy behaviours thus manifests 
throughout childhood, adolescence, and adulthood, which accumulates the longer someone 
engages in unhealthy behaviours. 
School-based prevention of unhealthy behaviours 
The Dutch government has emphasized the need for actions that promote health and prevent 
disease.3 More specifically, childhood programs are considered to have a high potential, 
because health behaviours are still acquired and shaped in childhood, and because the 
later burden associated with unhealthy behaviours can still be prevented.32 
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Many social and environmental factors within households, schools, community, industry, 
and government influence children’s health behaviours and contribute to childhood 
overweight, such as the availability of healthy foods and the presence of a movement-
friendly environment (physical circumstances), the attitudes towards health behaviours 
(sociocultural aspects), costs (economic aspects), and policies and rules (political 
circumstances).33,34 Multiple efforts are thus needed to prevent unhealthy behaviours. Health 
promotion in the school setting has been recommended as an important area for intervention 
because children spent a lot of time at school and children from various backgrounds can be 
reached. Schools also play a role in acquiring knowledge and competences, and therefore 
provide room to promote healthy choices. Traditionally, health promotion in the school 
setting focused on health education, consisting of lessons on healthy eating and physical 
activity. Internationally, the need for broader interventions like Health Promoting Schools 
(HPS) has now been recognized. HPS aim to address the wider environment by making 
changes to the school ethos and/or physical environment, the school curriculum, and 
involve the family and/or community.24 The effects of school-based lifestyle programs vary 
across studies.35-37 Bleich et al. (2018) found that among 24 randomized controlled trials, 
17 (71%) studies showed BMI reductions in the overall group or in specific subgroups 
(depending on the outcome and intervention duration), while seven (29%) studies did not 
find any effects on reduced BMI.35 In general, interventions that target at diet and physical 
activity simultaneously, involve a family component, and have longer duration are found to 
be more effective.35,36,38-42 
The Healthy Primary School of the Future 
In the Netherlands, there are substantial differences in health behaviours when comparing 
regions with a high socioeconomic character to regions with a low socioeconomic status. 
The Parkstad region, a former mining area in the southern part of the Netherlands (province 
of Limburg) is characterized by poorer health as compared to the Dutch average.43 Adults in 
southern Limburg live in good perceived health for an additional 43 years, compared to the 
Dutch average of almost 47 years.44 In 2016, 52% of adults in southern Limburg were 
overweight, as compared to 43% in the rest of the Netherlands.45 Prevalence rates of 
overweight among 4-12 year olds are also higher as compared to the Dutch average: 24% 
percent of 10 year olds in Heerlen were classified as having overweight (including obesity) 
(2013) as compared to 12.5%-16.2% in the rest of the Netherlands (2009).7,46 The 
Movare educational board consists of 53 primary schools in the Parkstad region. Like other 
primary schools in the Netherlands, schools of Movare consist of eight grades, where 
children enter primary school at the age of four and finish around the age of 12. The 
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Movare educational board observed unhealthy behaviours among children, which induced 
them to take action. Together with the regional Public Health Services and Maastricht 
University, they started the Healthy Primary School of the Future initiative.  
Most children in the Netherlands stay at school during the lunch break, which varies from 30 
to 60 minutes, to eat their packed lunch that they brought from home and play outside. At 
some schools, children can go home during the lunch break. Physical activity is mainly 
restricted to one or two hours of physical education per week. The Healthy Primary School 
of the Future initiative focused on two main changes, namely 1) the provision of a daily 
healthy lunch at school, and 2) daily structured physical activity and cultural sessions after 
the lunch. It was hypothesized that these changes contributed to additional health promoting 
changes in the school. Two schools decided to implement the daily lunch and the physical 
activity and cultural sessions, and are referred to as Healthy Primary Schools of the Future 
(HPSF). Two other schools continued with the implementation of the daily structure physical 
activity and cultural sessions only. These schools are referred to as Physical Activity Schools 
(PAS). To implement the changes during school hours, HPSF extended the lunch break and 
the school day. The lunch break time was extended from approximately 30-45 minutes to 
90-105 minutes. Children attended school to approximately 15:30-15:45 instead of 
14.45-15:00, and some of the lunch breaks involve an educational component to meet the 
education hour requirements. The lunch and structured physical activity and cultural sessions 
are prepared and led by external pedagogical employees from childcare organizations, 
who are supported by volunteers. The daily lunch is provided by the catering company 
Sodexo, and further prepared/distributed at schools. Staff from the sports and leisure 
organization the Move Factory, developed the physical activity sessions and provided 
instructions. Schools also received support from a health promoter from the regional Public 
Health Service. Financial support was received from the Limburg provincial authorities for the 
period between 2015 and 2019.  
 
The implementation and the effects of the Healthy Primary School of the Future were 
examined in a quasi-experimental study from 2015 until 2019.47 Eight schools participated 
in this study, consisting of two schools who adopted the HPSF changes, two other schools 
who implemented PAS, and four schools that maintained the usual school curriculum (control 
schools). Schools were not randomly assigned to the interventions because voluntary 
support was required for the intervention implementation. All children and their parents were 
invited to participate in data collection. The study sample was characterized by a dynamic 
cohort, because some children finished school between 2015 and 2019, and some 
children entered the participating schools during the study period. A multi-disciplinary 
research group from Maastricht University investigated the implementation48,49, the impact 
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on children’s health and wellbeing50, socio-economic effects, costs, and legal 
implications.47  
Informing decisions on school-based prevention 
In the context of school health promotion, decisions need to be made on whether and how 
to deliver them, and how to finance them. For example, school principals and teachers need 
to choose which activities they want to implement, parents are consulted by schools and 
need to decide on their support, health promoters, childcare professionals and other 
organizations can collaborate, and policy-makers at local and national governments decide 
how much they want to invest in school-based prevention. Information on the costs and 
outcomes of school-based lifestyle interventions can help people in making and 
substantiating their decisions, in developing an implementation strategy, or in evaluating 
whether the intended results are achieved.51 Economic evaluation is a field within health 
technology assessment that is directed at comparing the costs and consequences of 
alternative health programs.52,53 Economic evaluations on curative interventions are 
frequently employed to inform decision-makers on whether interventions offers value for 
money, or in other words: whether a program is cost-effective. Health technology 
assessment and economic evaluations on health promoting programs are still relatively 
scarce. The complex nature of programs, which may involve multiple components and 
stakeholders, the non-randomized designs of empirical studies, and the various potential 
outcomes of health promoting programs have been mentioned as potential reasons for the 
scarcity in economic evaluations on health promotion.54,55 
Type of economic evaluations 
Various types of economic evaluations can be employed, expressing cost-effectiveness in 
different ways. Economic evaluations of health interventions often take the form of cost-
effectiveness (CEA) or cost-utility analysis (CUA). Both types express cost-effectiveness as the 
extra costs per additional unit of outcome that is generated by an intervention. In a CEA, 
outcomes are expressed in physical outcomes such as the reduction in body weight or BMI. 
In a CUA, cost-effectiveness is reflected by the extra costs per quality-adjusted life year 
(QALY) gained. The QALY measure combines the improvement in quality of life and length 
of life. Other types of economic evaluations are the cost-consequence analysis (CCA), cost-
benefit analysis (CBA) and social return on investment analysis (SROI). In a CBA and SROI, 
health and non-health outcomes are expressed in monetary terms if deemed possible. Cost-
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effectiveness is then calculated as the net benefit (CBA) or as a ratio of the value of returns 
and costs (SROI). In the United Kingdom, the National Institute for Health and Care 
Excellence recommended the use of the CUA for health promotion programs up to 2012, 
but thereafter placed more emphasis on conducting CCA and CBA analyses.56 This change 
in recommendations was made to ensure that all relevant benefits, including non-health and 
community benefits, are incorporated in the economic evaluation.56  
School-based health promotion may give rise to benefits within and outside the healthcare 
sector (e.g. educational outcomes, community engagement, and parental wellbeing). This 
also raises the question who should pay for health promotion programs when multiple 
groups benefit from it. In the Netherlands, it is recommended to adopt a societal perspective 
in economic evaluations,5 meaning that all relevant costs and consequences are included, 
independently of who incurs them.58 By taking a societal perspective, economic evaluations 
may inform decision-making across and between multiple groups or sectors. 
Trial-based and model-based 
Furthermore, a distinction is made between trial-based evaluations and decision analytic 
models (model-based evaluations). Trial-based economic evaluations consider a relatively 
short time horizon by using the costs and consequences collected during the period of an 
empirical study (trial). Trial-based studies on school health promotion generally have a 
horizon of 1-2 years, and include outcomes such as the change in health behaviours, 
reductions in weight or BMI, and impact on HRQOL. Modelling studies use mathematical 
relationships and combine multiple sources of information to link short-term outcomes to 
potential impacts and cost-effectiveness on the long-term. 
Aim and outline of the thesis 
The overall aim of this thesis is to evaluate the health-economic impact of primary school-
based lifestyle interventions. The thesis focuses on three main research questions: 
1) To which extent can school health promotion contribute to children’s health and 
wellbeing on the short-term?  
School health promotion has been put forward as a means to tackle health inequalities.59 
Chapter 2 investigates how health behaviours and outcomes are distributed across children 
with different socioeconomic backgrounds and explores the potential of lifestyle promotion 
in decreasing disparities in childhood health outcomes.  
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The effectiveness of school-based health promotion programs is often evaluated by 
assessing the impact on BMI (z-score), but the impact on other health parameters is less 
frequently examined.13 Chapter 3 reviews and synthesizes the effects of primary school-
based lifestyle interventions on children’s body mass index and/or blood pressure levels. 
2) Which methods are used for evaluating the health-economic impact of school health 
promotion? 
Guidelines for economic evaluations are traditionally designed for evaluating clinical or 
medical interventions and are therefore not fully applicable to health promotion programs. 
Chapter 4 reviews the methods of cost-effectiveness studies on primary school-based 
lifestyle interventions and advises on directions for advancement. 
3) What is the short- and long-term health-economic impact of the Healthy Primary School 
of the Future initiative? 
Primary school-based interventions make use of scarce available financial resources and 
time. It is therefore important that the expectations regarding its impact are realistic. 
Chapter 5 identifies the cost components of school-based lifestyle interventions, and 
calculates the costs of delivering the HPSF and PAS interventions. Chapter 6 describes a 
social return on investment analysis to assess the social value of HPSF and PAS after a two-
year intervention period.  
 
The benefits of primary school-based lifestyle interventions are expected to reach into 
adulthood, through the prevention of chronic disease. Modelling techniques are used to 
estimate the long-term outcomes of primary school-based lifestyle interventions. 
Chapter 7 investigates the development of children’s weight trajectories after primary 
school-based lifestyle interventions, and identifies the related uncertainty. Chapter 8 
examines the potential health and economic impacts of the Healthy Primary School within 
childhood and adulthood.  
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Combatting disparities in health outcomes among children is a major public health concern. 
This study focuses on two questions: 1) to what extent does socioeconomic status (SES) 
contribute to disparities in health outcomes; and 2) to what extent can social inequalities in 
health outcomes be explained by differences in children’s health behaviours? 
 
Design 
This study included two- year follow-up data of 1259 children (4-12 years of age) who 
participated in the ‘Healthy Primary School of the Future’ project. SES was measured by 
maternal and paternal education and household income (adjusted for family size). Health 
outcomes were BMI z-score (body mass index), health resource use, school absenteeism, 
health-related quality of life (HRQOL), and psychosocial health, measured over two years of 
follow-up (2015-2017). Health behaviours included physical activity, consumption of fruit, 
vegetables, and sweetened beverages. Associations between SES and baseline health 
behaviours were examined, and mixed models for repeated measures were used to assess 
associations between SES and health outcomes over two years of follow-up. 
 
Results 
A high socioeconomic background was significantly associated with better health outcomes 
(all outcomes). For example, children with a low SES had higher BMI z-scores (beta 
coefficient: 0.42, 95% CI: 0.22;0.62), and higher consumption healthcare costs (ratio of 
mean costs: 2.21, 95% CI: 1.57;3.10). Effects of SES changed very little after controlling for 
health behaviours.  
 
Discussion 
Our findings strongly suggest that socioeconomic background has a pervasive impact on 
disparities in child health, but give little support to the idea that social inequalities in child 
health can be tackled by means of lifestyle interventions. 
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Introduction 
Health disparities are defined as gaps in health outcomes between different groups in 
society. When disparities are related to social factors such as ethnicity, family income, and 
parental education, they are considered to be unfair and are labelled as social inequalities.1 
Despite various policies and initiatives, the social gradient in child health remains stable or is 
even increasing.2,3 Continued efforts are of utmost importance to improve the health of all 
children.3-6  
 
Adverse health outcomes such as poor health-related quality of life (HRQOL) and 
absenteeism from school due to sickness, are disproportionally concentrated in children who 
engage in unhealthy lifestyle behaviours and in children that grow up in families with a lower 
socioeconomic position.7-10 Various interventions that aim to tackle child health inequalities 
are focused on promoting a healthy lifestyle (Figure 1).11,12 This strategy is supported by 
previous findings which show that health-compromising behaviours, such as engaging in 
unhealthy lifestyles, are more often prevalent in children with a lower socioeconomic 
background.13-15 So far, it remains unclear whether lifestyle interventions have the potential 
to reduce child health inequalities because of the contradicting findings that have been 
reported.16 This lack of insight is driven by the poor understanding about the impact of 
health behaviours in relation to the emergence and persistence of child health 
inequalities.16,17 Veldhuis et al. (2013) found that some child health behaviours (watching 
TV and breakfast consumption) partially contributed to the inverse relation between SES and 
overweight/obesity.18 In general, however, little is known about the role of health 
behaviours as a potential mediator in the relation between socioeconomic position and 
health-related outcomes in school-aged children. This study therefore focuses on two 
questions: 1) to what extent does socioeconomic background contribute to disparities in 
health outcomes over time in children aged 4-12 years; and 2) to what extent can these 




We analysed data of primary school-aged children (according to the Dutch school system 
children are between 4-12 years of age) being enrolled in the Healthy Primary School of 
the Future project. This quasi-experimental study studies the effects of two healthy school 
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types, named ‘the Healthy School of the Future’ (HPSF) and ‘the Physical Activity School’ 
(PAS) that are aimed at improving dietary behaviours and physical activity. The effects of 
HPSF and PAS were compared to control schools who maintained the usual school 
curriculum. Children were included in the annual measurements if an informed consent form 
was signed by their parents. The need for ethical approval was waived by the Medical 
Ethics Committee Zuyderland, Heerlen (MEC 14-N-142). Details on the interventions, study 
cohort, and data collection procedures have previously been reported.19 Data for the 
current study was collected in 2015 (baseline), 2016 (one-year follow-up) and 2017 (two-
year follow-up). We selected a subsample of children who participated in the measurements 
from baseline onwards. Children who were in the last grade at baseline were excluded 
because follow-up scores could not be obtained. 
Health outcomes 
Health outcomes included: 1) physical health; 2) health resource use; 3) health-related 
school absenteeism; 4) HRQOL; and 5) psychosocial health. Children’s body height and 
weight were measured with a stadiometer and a weighting scale. BMI z-scores were 
calculated from Dutch reference values.20 Health resource use was measured by means of a 
parental questionnaire with a 12-month recall and valued with Dutch unit costs (Appendix 
1).21,22 School absenteeism was expressed as the annual number of missed school days due 
to illness or healthcare visits and was retrieved from school records. HRQOL was measured 
with the visual analogue scale (VAS) and the Pediatric Quality of Life Inventory (PedsQL) 
instrument.23-26 In accordance to the user guidelines, parent-ratings were used to reflect 
HRQOL scores for 4-8 year olds, and self-reports were used for 8-12 year olds. The VAS 
records individual health status which is scored between 0 (worst HRQOL) and 100 (best 
imaginable HRQOL). The PedsQL instrument measures physical health, emotional, social, 
and school functioning.27,28 Reverse scoring was used such that higher summary score 
indicate a better HRQOL. The parent-reported strengths and difficulties questionnaire (SDQ) 
was used to examine the presence of psychological and psychosocial functioning 
problems.29 A total difficulties score was calculated by summing the scores for emotional, 
hyperactivity/inattention, conduct, and peer relationship difficulties, with a higher score 
indicating more problems.30 SDQ scores were available for one year of follow-up because 
the instrument was not included in the parental questionnaire at Year 2. 
Main determinants 
SES and health behaviours were measured at baseline to assess the prospective 
relationships with health outcomes. SES was calculated as the mean of standardized scores 
on maternal education level, paternal educational level, and household income (adjusted 
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for household size)31 and categorized SES into low, middle, and high SES based on tertiles. 
We considered the following health behaviours: physical activity, vegetable intake, fruit 
intake, and consumption of sweetened beverages. Physical activity levels were measured 
with an ActiGraph accelerometer (Actigraph GT3X+, 30Hz, processing by ActiLife 6.10.4) 
for 7 consecutive days. Physical activity was calculated for children who wore the 
accelerometer for at least an average time of 8 hours on 3 weekdays and 1 weekend day 
(n=864, 76.7% of the 1127 pupils that wore the accelerometer). The average daily minutes 
of moderate and vigorous physical activity (MVPA) were calculated. Information on dietary 
behaviours was obtained from a parent-reported food frequency questionnaire.32-34 For 
statistical analyses, units of average daily consumption were converted to hours of MVPA 
(physical activity), pieces of fruit, 100 grams of vegetables, and 250 millilitres of sweetened 
beverages (one serving). 
Statistical analysis 
The associations between SES at baseline and health outcomes over time (baseline, Year 1, 
and Year 2) were assessed using mixed models (Figure 1: solid arrow A). Mixed model 
analyses were applied to account for the dependency due to repeated measurements and 
clustering of children within schools. We determined the random components with a 2-level 
(level 1: repeated measurements; level 2: child) and a 3-level (level 1: repeated 
measurements; level 2: child; level 3: school) random intercept and random slope (time) 
model. Because the explained variance at level 3 was not larger than 0.2% and similar 
results were found, only the results from the 2-level models were reported.  
Linear mixed models were used for numerical outcomes, but to account for the zero-values 
and the positive skewness of the cost data we used a two-part generalized linear model 
(GLMM) for cost data: 1) a GLMM with a binomial distribution and a logit link function, and 
2) a GLMM with a Gamma distribution and a log link function. A GLMM with a Poisson 
distribution (log link function) was used for school absenteeism which reflected count data. 
The interaction between SES and time was studied to assess whether SES had a different 
impact on health for the different time points. If no significant interaction effects were found, 
we reported the overall effect estimates. In case of interaction effects, we reported the effect 
estimates of SES for the three different time points. Analyses were adjusted for sex (boys, 
girls), grade (numerical; 1-7), school type (HPSF, PAS, control), time (categorical; year 0, 
1, 2), and school type * time to adjust for the effect of the different school types. Differences 
in baseline health behaviours across SES groups (Figure 1: dashed arrow B) were tested 
using Kruskal-Wallis and chi-square tests. Associations between baseline health behaviours 
and health outcomes over time (Figure 1: dashed arrow C) were examined using mixed 
model analyses (adjusted for sex, grade, school type, time, school type*time, 
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behaviours*time). Last, we studied the associations between SES and health outcomes over 
time with additionally adjusting for baseline health behaviours (Figure 1: dashed arrow A').  
 
Missing data were present because some participants did not give informed consent for all 
three time points, the parental questionnaire was not completed, respondents skipped or 
refused to answer questions, or data could not be obtained due to absence of the child. 
Missing data were handled with multiple imputation which generated 5 imputed datasets 
with 20 iterations. To impute missing values on SES indicators and health behaviours, 
demographic variables (age, sex, school type, ethnicity, family composition, disease status) 
and all health outcomes at the different time points (anthropometrics [BMI-z scores, waist 
circumference, ratio of hip and waist circumference], healthcare resource use, school 
absenteeism, HRQOL, psychosocial health) were used. Missing data on outcome variables 
were imputed using SES, health behaviours, demographic variables, and the specific health-
related outcome at each time point (baseline, year 1, and year 2).  
 
As a sensitivity analysis we replicated the analyses with only selecting the children from 
control schools to account for any residual confounding pertaining to the effect of school 
types (HPSF and PAS). All analyses were carried out with IBM SPSS Statistics for Windows 










Figure 1 Graphical representation of the research questions. 
 Notes: SES= socioeconomic status. Solid arrow: research question 1 examined the prospective 
associations between SES and multifaceted health outcomes. Dashed arrows: research question 2 
focused on the associations between SES and health behaviours (B), health disparities due to 
differences in health behaviours (C), and examined whether the gap in health outcomes between 
children with a high versus a low SES was influenced by health behaviours (A'). * Associations 
between SES and health behaviours were assessed, rather than the causal direction. However, as 
children’s socioeconomic background is based on parental education levels and household income, 
it is assumed that children’s socioeconomic background may influence their health behaviours during 
childhood instead of the other way around. 
 




Baseline data were collected for 1403 children (N=2326 were invited, 60.3%), of which 
1259 children (HPSF: N=361, PAS: N=409, control: N=489) were included in this study 
(excluded: eight grade) (Figure 2). In this sample, 944 (75%) children participated in all 
three measurements. In the current observational study we did not exclude children who 
changed schools (N=4). Participants with missing data on exposures and/or covariates 
were older, were more likely to come from control schools, live in an one-parent or 
reconstituted family, have a low SES, a higher BMI z-score, more psychosocial problems, 
and a lower HRQOL (PedsQL) (results not shown). Tables 1 and 2 show the sample 



















Figure 2 Flow diagram. 
 Notes: Year 1= after 12 months; Year 2 = after 24 months. * We selected a subsample of children 
(n=1259) who participated at least in the baseline measurements (75% participated at baseline, 
Year 1, and Year 2, N=944); ** Reasons drop out Year 1: e.g. moved out or actively stopped 
participation; *** Reasons drop out Year 2: finished school, moved out, or actively stopped 




Table 1 Baseline exposures and demographics of the analysed sample (pre-imputation). 
Analysed sample (N=1259) Mean (SD) / N (%) % missing 
Age  7.9 (2.1) 0.0% 
Sex   
   Boys 623 (49.5%) 
   Girls 636 (50.5%) 
0.0% 
School type   
   Intervention (HPSF) 361 (28.7%) 
   Intervention (PAS) 409 (32.5%) 
   Control, N (%) 489 (38.8%) 
0.0% 
Education level mother at baseline 1  
   Low 108 (15.5%) 
   Intermediate 333 (47.8%) 
   High 256 (36.7%) 
44.6% 
Education level father at baseline 1  
   Low 126 (19.0%) 
   Intermediate 300 (45.2%) 
   High 238 (35.8%) 
47.3% 
Net household income (€)  
   Up to 1500 61 (11.8%) 
   1500 to <2500 78 (15.1%) 
   2500 to <3500 187 (36.2%) 
   3500 and above 190 (36.8%) 
59.0% 
Socioeconomic status 2 0.08 (0.73) 61.7% 
MVPA (minutes/day), median (IQR) 54.25 (42.17 - 67.31) 
   ≤0.5 hour/day 51 (5.9%) 
   0.5 to 1 hour per day 492 (56.6%) 
   ≥1 hour per day 326 (37.5%) 
31.0% 
Fruit intake (pieces/day), median (IQR) 0.43 (0.36 – 0.71) 
   <0.5 piece a day 385 (53.8%) 
   0.5 to 1 piece a day 208 (29.0%) 
   ≥1 piece a day 123 (17.2%) 
43.1% 
Vegetable intake (gr/day), median (IQR) 88.57 (57.14 – 128.00) 
   <100 gr/day 405 (56.6%) 
   100 to 200 gr/day 270 (37.7%) 
   ≥200 gr/day 41 (5.7%) 
43.1% 
Consumption sweetened beverages (ml/day), median (IQR) 142.90 (57.14 – 400.00) 
   <250 ml/day 481 (67.6%) 
   250-500 ml day 126 (17.7%) 
   >500 ml/day 105 (14.7%) 
43.4% 
Ethnicity   34.7% 
   Native background 688 (83.7%)  
   Western background 91 (11.1%)  
   Non-Western background 43 (5.2%)  
Family composition  44.9% 
   Nuclear family or co-parenting 603 (86.9%)  
   One-parent family 43 (6.2%)  
   Reconstituted family 37 (5.3%)  
   Other 11 (1.6%)  
Notes: IQR = interquartile range (25th – 75th percentile); HPSF = Healthy Primary School of the Future; MVPA = 
moderate to vigorous physical activity; PAS = Physical Activity School; SD = standard deviation. 1 Low = primary, 
vocational and lower general secondary education; average = higher general and pre-university secondary 
education, lower professional education; high = higher professional and academic education. 2 Average of the 
standardized scores of maternal education level, paternal education level, and income adjusted for household size. 
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Table 2 Health-related outcomes of the analysed sample at baseline and follow-up (pre-imputation). 






BMI z-score, mean (SD) 0.14 (1.0) 0.07 (1.0) 0.10 (1.1) 
Normal weight 889 (80.0%) 938 (81.1%) 707 (78.6%) 
Overweight 176 (15.9%) 170 (14.7%) 150 (16.7%) 
Obesity 45 (4.1%) 49 (4.2%) 43 (4.8%) 
GP visits    
   Total mean costs (SD) 24.07 (45.9) 20.24 (40.2) 16.06 (32.1) 
   N (%) 226 (32.4%) 161 (29.0%) 110 (29.3%) 
Speech therapist visits    
   Total mean costs (SD) 54.47 (231.5) 39.06 (200.2) 31.49 (155.7) 
   N (%) 55 (7.9%) 36 (6.5%) 29 (6.8%) 
Specialist visits    
   Total mean costs (SD) 75.25 (219.9) 73.31 (241.5) 54.58 (138.0) 
   N (%) 204 (29.2%) 146 (26.3%) 102 (23.9%) 
Physiotherapist / Occupational therapist visit    
   Total mean costs (SD) 8.84 (93.1) 4.05 (47.5) 3.71 (36.1) 
   N (%) 13 (1.9%) 6 (1.1%) 6 (1.4%) 
Psychologist / social worker    
   Total mean costs (SD) 24.51 (176.4) 19.10 (109.2) 17.41 (145.5) 
   N (%) 34 (4.9%) 24 (4.3%) 14 (3.3%) 
Youth care 1    
   Total mean costs (SD) 25.77 (274.6) 17.49 (147.3) 22.21 (227.6) 
   N (%) 23 (3.3%) 17 (3.1%) 13 (3.1%) 
Medication use    
   Total mean costs (SD) 20.02 (115.9) 23.61 (129.7) 22.99 (133.7) 
   N (%) 66 (9.6%) 67 (11.5%) 54 (11.5%) 
Hospital admissions    
   Total mean costs (SD) 97.98 (920.9) 67.62 (588.7) 45.31 (383.8) 
   N (%) 26 (3.7%) 23 (4.1%) 11 (2.6%) 
Total healthcare costs, median (IQR)  
N (%) 
If any costs are incurred, median (IQR)  
33.53 (0 – 215) 
400 (58.6%) 
184.90 (92 – 526) 
33.53 ( 0 – 207) 
315 (56.8%) 
184.90 (75 – 488) 
33.53 (0 – 185) 
219 (51.5%) 
184.90 (67 – 384) 
Health-related school absenteeism    
   Absenteeism days, median (IQR) 5.00 (2.0 – 9.0) 4.50 (2.0 – 8.5) 4.00 (2.0 – 7.0) 
   N (%) 901 (95.6%) 851 (98.2%) 716 (97.5%) 
HRQOL    
   VAS (EQ-5D-Y), mean (SD) 2 88.58 (14.6) 86.54 (16.7) 86.61 (16.2) 
   PedsQL, mean (SD) 3 79.35 (13.4) 80.69 (13.0) 82.61 (13.2) 
Psychosocial health    
   SDQ, mean (SD) 4 6.84 (5.0) 6.69 (5.0) NA 
Notes: BMI = body mass index; EQ-5D-Y = EuroQol 5 Dimensions Questionnaire; HRQOL = health-related quality 
of life; IQR = interquartile range (25th – 75th percentile); N = number of observations; PedsQL = Pediatric Quality 
of Life Inventory; SD = standard deviation; SDQ = Strengths and Difficulties Questionnaire; VAS = Visual Analogue 
Scale. 1 Dutch: jeugdzorg en jeugdhulpverlening; 2 The VAS score ranged from 0 to 100, where 100 is best 




1)  To what extent does socioeconomic background contribute to disparities in health 
outcomes over time in children aged 4-12 years? 
The effect estimates of SES on health outcomes (Figure 1: solid arrow A) are reported in 
Table 3, model 1. A high socioeconomic background was associated with better health 
outcomes. Children with a low socioeconomic background had higher BMI z-scores (beta 
coefficient: 0.42, 95% CI: 0.22;0.62), and a higher consumption of healthcare resources 
(ratio of mean costs: 2.21, 95% CI: 1.57;3.10) compared to children with a high SES. Cost 
increases were also found for hospital admissions, medication use, and specialists visits 
(data not shown). A low SES background was associated with higher school absenteeism at 
baseline and after two-years of follow-up (rate ratio Y2: 1.42, 95% CI: 1.14;1.75). 
Children with a low SES had lower HRQOL (PedsQL) after one and two years of follow-up 
(beta coefficient Y2: -2.94, 95% CI: -5.30;-0.58) compared to children with a high SES. A 
low SES was (not statistically significant) related to more psychosocial problems (beta 
coefficient Y1: 0.44, 95% CI: -0.38;1.27). More specifically, social inequalities in 
psychosocial health at one-year follow-up were found for behavioural problems, peer 
problems, and hyperactivity (data not shown). The conclusions were similar when using a 
significance level α of 0.01 instead of 0.05 in order to take account of the potential biases 
due to multiple testing (Table 3). Results were similar for the continuous measure of SES, 
except that the effect estimates of SES on HRQOL (EQ5D) and psychosocial health were 
only statistically significant with the continuous measure of SES. 
2) To what extent can social inequalities in health outcomes be explained by children’s 
health behaviours? 
No significant differences were found in health behaviours across children’s socioeconomic 
background (Table 4) (Figure 1: dashed arrow B). Health behaviours were statistically 
significant associated with a few, but not all health outcomes (Figure 1: dashed arrow C, 
Appendix 3). Higher physical activity levels were associated with a lower BMI z-score (beta 
coefficient MVPA: -0.55, 95% CI: -0.80;-0.29). Children who were more physical active 
had up to 24% fewer annual absence days compared to children who were less physical 
active (rate ratio: 0.76, 95% CI: 0.60;0.95). A high vegetable intake was associated with 
higher PedsQL scores (beta coefficient vegetable intake/day: 1.57, 95% CI: 0.46;2.67) 
and a trend towards lower healthcare absenteeism was observed (rate ratioY1: 0.90, 95% 
CI: 0.81;1.00). After controlling for health behaviours, the effects of SES on health outcomes 
changed very little (Figure 1: dashed arrow A', Table 3, model 2). Only for psychosocial 
health (SDQ), the association with SES became statically significant. When analysing control 
schools only, the results pointed to the same direction, but the effect estimates of SES on VAS 
and psychosocial health did not remain statistically significant (Appendix 4). 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 4 Health behaviours per SES group. 




High SES (N=420) p 
MVPA (minutes/day), median (IQR) 54.50  
(40.50 - 68.04) 
54.33  
(42.00 – 68.69) 
54.89  
(42.54 – 68.05) 
0.96 
   ≤0.5 hour/day, N (%) 21 (5.0%) 27 (6.4%) 18 (4.2%) 0.73 
   0.5 to 1 hour per day, N (%) 237 (57.0%) 235 (55.6%) 243 (57.9%)  
   ≥1 hour per day, N (%) 158 (38.0%) 161 (38.0%) 159 (37.9%)  
Fruit intake (pieces/day), median (IQR) 0.43  
(0.29 – 0.71) 
0.43  
(0.29 – 0.50) 
0.43  
(0.36 – 0.71) 
0.19 
   <0.5 piece a day, N (%) 246 (59.1%) 236 (55.8%) 219 (52.1%) 0.37 
   0.5 to 1 piece a day, N (%) 110 (26.5%) 121 (28.6%) 133 (31.7%)  
   ≥1 piece a day, N (%)   60 (14.4%)   66 (15.6%)   68 (16.2%)  
Vegetable intake (gr/day), median (IQR) 88.57  
(58.87 – 124.30) 
87.86  
(55.00 – 131.40) 
87.50  
(53.39 – 128.60) 
0.82 
   <100 gr/day, N (%) 236 (56.7%) 246 (58.1%) 237 (56.4%) 0.81 
   100 to 200 gr/day, N (%) 157 (37.8%) 153 (36.2%) 165 (39.3%)  
   ≥200 gr/day, N (%) 23 (5.5%) 24 (5.7%) 18 (4.3%)  
Consumption sweetened beverages 
(ml/day), median (IQR) 
171.40  
(57.14 – 400.00) 
171.40  
(57.14 – 400.00) 
142.90  
(57.14 – 342.90) 
0.44 
   <250 ml/day, N (%) 268 (64.5%) 274 (64.8%) 285 (67.9%) 0.48 
   250-500 ml day, N (%)   73 (17.5%)   82 (19.4%)   78 (18.6%)  
   >500 ml/day, N (%)   75 (18.0%)  67 (15.8%)   57 (13.6%)  
Notes: IQR = interquartile range (25th – 75th percentile); N = number of observations; MVPA = moderate to 
vigorous physical activity; SES = socioeconomic status. 
Discussion 
This study shows that a low socioeconomic background negatively affects a wide range of 
health outcomes in early childhood (4-12 year of age) including BMI, health-related school 
absenteeism, health resource use, HRQOL, and psychosocial health (Figure 3). Health 
behaviours were not associated with all health outcomes: low PA levels were associated with 
higher BMI z-scores and more health-related school absenteeism, and a low vegetable 
intake was associated with lower HRQOL. Social inequalities in health outcomes could not 
be explained by differences in children’s health behaviours. 
 
Our findings indicate that children with a low SES background suffer from poorer health 
compared to their peers with a higher SES background. This is in accordance to the findings 
of Veldhuis et al. (2013) who reported an inverse relation between SES and 
overweight/obesity among 5-year olds.18 In contrast to our findings, the authors found that 
lifestyle-characteristics of the child partially explained the increased risk for 
overweight/obesity for the lowest SES subgroup. However, the inverse association between 
SES and overweight/obesity remained substantial even after correcting for health 
behaviours. Perhaps noteworthy, Veldhuis et al. (2013) measured children’s health 
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behaviours by self-reported breakfast consumption and TV watching, while we focused on 














Figure 3 Graphical representation of the results. 
 Notes: Low socioeconomic status -> body mass index. Beta coefficient: 0.42, 95% CI: [0.22;0.62]. 
Low SES-> annual health-related school absenteeism days. Rate ratio: 2.21, 95% CI: [1.15;3.10]; 
Low SES -> health-related quality of life. Beta coefficient (PedsQL, year 2): -2.94, 95% CI: [-5.30;-
0.58]; Low SES -> psychosocial health. Beta coefficient (SDQ, year 1: 0.44, 95% CI: [-0.38;1.27]; 
Physical activity (per hour of MVPA) -> body mass index. Beta coefficient: -0.55 [-0.80;-0.29]; 
Physical activity (per hour of MVPA) -> annual health-related school absenteeism days. Rate ratio: 
0.76 [0.60;0.95]; Vegetable intake (100 grams) -> health-related quality of life. Beta coefficient 
(PedsQL): 1.57, 95% CI: [0.46;2.67]; PedsQL = Pediatric Quality of Life Inventory; SDQ = Strengths 
and Difficulties Questionnaire; SES = Socioeconomic status; MVPA = moderate to vigorous physical 
activity. Π p≤0.05; ¥ p≤0.01. 
 
 
The current study showed that socioeconomic background is adversely related impact to 
multifaceted health outcomes among children, including health resource use. Because the 
Dutch health insurance covers specialists visits, hospital care (including hospital admissions), 
and most prescribed medications, we believe that the differences in health and health 
resource use will not severely affect families’ health expenditures. Social inequalities in 
health outcomes were not explained by health behaviours, mainly because health 
behaviours did not differ across SES groups.  
 
The current findings give little support to the idea that social inequalities in child health can 
be tackled by means of lifestyle interventions. It is important to note that these findings do not 
imply that lifestyle interventions are fruitless or should not be implemented. Health behaviours 
are modifiable risk factors that are important target points for improving children’s health. 
Previously, some authors have argued that we should aim for a better balance between 
lifestyle interventions and strategies that focus on cultural, political, material and social 
resources (by e.g., supporting access to quality services, providing financial support, 
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generating strong supportive communities) in order to combat child health inequalities.3,5,6,11 
The findings of the current study corroborate the suggestion to enrich policies with so-called 
community or upstream interventions because SES is strongly related to child health 
inequalities, independently of health behaviours. 
 
Our study also suffered from some limitations. Second, in the current sample, health 
behaviours did not differ significantly across SES groups. Several studies found that children 
with a low SES had less healthy behaviours compared to peers with a higher socioeconomic 
position.15,35,36 It is however difficult to compare findings because multiple indicators can be 
used to measure SES (e.g., education of the mother, deprivation, area-based measures, 
composite measures) and lifestyle behaviours. In a post-hoc analysis, some associations 
were found between SES and health behaviours when using maternal education as SES-
indicator, but this did not change the main conclusions (Appendix 4). In a recent study 
conducted by our study group, it was found that parents of responders were more often 
unemployed and had lower education levels compared to Dutch averages (not for maternal 
education).37 These findings accord with those of other studies, which show that the southern 
area in the Netherlands is a relatively poor region with a lower socioeconomic position as 
compared to other parts of the Netherlands.38 The generalizability of the study sample is 
therefore considered high when compared to the regional population but low when 
compared to the national sample.37 The analyzed sample in the current study did not include 
the last grade, but this did not affect the representativeness of the study sample. Although the 
generalizability to the Dutch population is limited, conducting the study in a low SES area 
(partially) accounted for the fact that people with a low socioeconomic background are 
usually underrepresented in scientific studies.39 This helped us to study the relationships 
between socioeconomic status, health behaviours, and health outcomes. Last, we recognize 
that a composite measure of dietary behaviour (e.g., healthy eating index) may be 
recommended to examine the effects of diet. However, we were able to include multiple 
aspects that include both healthy behaviours (fruit and vegetable) and unhealthy behaviours 
(consumption of sweetened beverages).  
 
To our knowledge, this is the first study formally investigating the mediating role of health 
behaviours in relation to the link between socioeconomic position and various child health 
outcomes. Our findings showed that health inequalities were already present at baseline 
and did not widen during the two-year follow-up. Further research with a longer follow-up 
period is needed to more fully examine the emergence and persistence of health inequalities 
from early childhood into adolescence. 
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Conclusion 
The findings of the current study strongly suggest that socioeconomic background has a 
pervasive impact on disparities in child health, but give little support to the idea that social 
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Appendix 1  
Measurement of disease status and calculation of healthcare costs 
This appendix includes additional information on the measurement of disease status and the 
calculation of healthcare costs, containing costs of healthcare visits, hospital admissions and 
drug use. 
Disease status 
Disease status was measured by parental report as the current presence of any chronic 
condition, including asthma or chronic bronchitis; allergies, eczema and other skin 
conditions; frequent abdominal pain, obstipation and bowel disorders; diabetes; frequent 
complaints of back, knee, ankle, hip, shoulder, wrist and hand; neurological diseases like 
epilepsy; frequent severe headaches and migraine; being overly stressed, depressed or 
anxious; eating disorders; attention deficit (hyperactivity) disorder; autism, Asperger 
syndrome; not otherwise specified pervasive developmental disorder; cancer; and 
congenital heart disease. 
Hospital admissions 
The amount of hospital admissions over the last 12 months were measured by a parental 
questionnaire. Costs of hospital admissions were calculated using reference prices (Table 
A1). 
 
Table A1 Unit costs for hospital admissions. 
Cost item parental questionnaire Unit costs (day) 2017 Reference 
Hospital admissions €483.71 [21] 
 
Physician and therapist visits 
The amount of physician and therapist visits over the last 12 months were measured by a 
parental questionnaire. Resource use was combined with unit costs to calculate total costs of 
healthcare visits (Table A2).  
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Table A2 Unit costs for healthcare and youth care visits. 
Cost item parental questionnaire Unit costs (visit) 2017 Reference 
General practitioner €33.53 [21] 
Paediatrician 
Ophthalmologist / orthoptist 
Ear, nose, and throat (ENT) specialist 
Other specialist 
€92.47 [21] 
Speech therapist €33.53 [21] 
Psychologist / social worker (mental health care) €65.04 [21] 
Occupational therapist €33.53 [21] 
Physiotherapist €33.53 [21] 
Youth care services * €62.24 [22] 
*In the Netherlands: jeugdzorg en jeugdhulpverlening. 
 
Drug use 
The type and amount of drugs used by children were obtained from the parental 
questionnaire. Parents were asked to recall the medications their child had used during the 
last 12 months. This included the 1) name of the drug, 2) dose of the drug, 3) frequency of 
utilization, and 4) duration of utilization (months). The related costs were estimated by a 
four-step approach. For the calculation of costs, we followed the recommendations for 
calculating drug costs by using reference prices.  
Step 1: Drug use 
1.1 Select type of drug 
 First, the type of drug that was reported by parental report was linked to drugs in the 
Dutch database for drug costs (www.medicijnkosten.nl). For each type of drug 
mentioned, we selected the drug dose that was most often reported. When the drug 
dose was not reported, Dutch standards (NHG standard) were used to select the 
drug type.  
1.2 Number of units  
 Second, the average number of units taken per day was calculated. This was done 
by dividing the total dose taken per day (reported dose times the reported frequency) 
divided by the selected drug dose. 
Step 2: Annual costs of drugs 
Annual drug costs were calculated using two approaches. With approach A, drug costs 
were calculated by means of reported utilization. With approach B, drug costs were 




2.1  Approach A 
 The number of units taken per year was calculated from the number of units taken per 
day and the number of months the drug was taken. The number of units per year was 
multiplied by the average unit costs for each drug. 
2.2  Approach B 
 The average drug use per 15 days was obtained. Subsequently, the average drug 
use per year was calculated. The average drug use per year was multiplied by the 
average unit costs for each drug. 
2.3 Comparing approaches 
 The number of units (approach A) and the average drug use (approach B) were 
compared. When the average drug use was not reported or the average drug use 
was significantly higher than the reported frequency, the drug costs of approach A 
were selected. The drug costs of approach B were selected when the number of units 
consumed could not be calculated or the costs of both approaches were 
comparable.  
Step 3: Total costs of drugs 
Annual dispensing fees were added to the drug costs. When the drug was used for less than 
one month, the costs were not valued as the length of duration (in days) was unknown. 
Step 4: Total costs of drugs per child 
The costs of all drugs consumed per child were added. 
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Appendix 2 
Baseline characteristics and outcome variables (post-imputation) 
Table A3 Baseline characteristics (post-imputation)  
Analysed sample (N=1259) Total 
Age, mean (SD)  7.9 (2.1) 
Sex   
   Boys, N (%) 623 (49.5%) 
   Girls, N (%) 636 (50.5%) 
School type   
   Intervention (HPSF), N (%) 361 (28.7%) 
   Intervention (PAS), N (%) 409 (32.5%) 
   Control, N (%) 489 (38.8%) 
Education level mother at baseline 1  
   Low, N (%) 229 (18.2%) 
   Intermediate, N (%) 573 (45.5%) 
   High, N (%) 457 (36.3%) 
Education level father at baseline 1  
   Low, N (%) 278 (22.1%) 
   Intermediate, N (%) 550 (43.7%) 
   High, N (%) 431 (34.2%) 
Net household income (€)  
   Up to 1500, N (%) 152 (12.1%) 
   1500 to <2500, N (%) 224 (17.8%) 
   2500 to <3500, N (%) 424 (33.7%) 
   3500 and above, N (%) 459 (36.4%) 
Socioeconomic status 2, mean (SD)  0.00 (0.72) 
MVPA (minutes/day), median (IQR) 54.53 (42.08 – 68.05) 
   ≤0.5 hour/day, N (%) 66 (5.2%) 
   0.5 to 1 hour per day, N (%) 715 (56.8%) 
   ≥1 hour per day, N (%) 478 (38.0%) 
Fruit intake (pieces/day), median (IQR) 0.43 (0.36 – 0.71) 
   <0.5 piece a day, N (%) 701 (55.7%) 
   0.5 to 1 piece a day, N (%) 364 (28.9%) 
   ≥1 piece a day, N (%) 194 (15.4%) 
Vegetable intake (gr/day), median (IQR) 87.86 (55.71 – 126.40) 
   <100 gr/day, N (%) 719 (57.1%) 
   100 to 200 gr/day, N (%) 475 (37.7%) 
   ≥200 gr/day, N (%) 65 (5.2%) 
Consumption of sweetened beverages (ml/day), median (IQR) 171.40 (57.14 – 400.00) 
   <250 ml/day, N (%) 827 (65.7%) 
   250-500 ml day, N (%) 233 (18.5%) 
   >500 ml/day, N (%) 199 (15.8%) 
Ethnicity   
   Native background, N (%) 1032 (82.0%) 
   Western background, N (%) 152 (12.1%) 
   Non-Western background, N (%) 75 (6.0%) 
Family composition  
   Nuclear family or co-parenting, N (%) 1069 (84.9%) 
   One-parent family, N (%) 90 (7.1%) 
   Reconstituted family, N (%) 73 (5.8%) 
   Other, N (%) 27 (2.1%) 
Notes: HPSF = Healthy Primary School of the Future; IQR = interquartile range (25th – 75th percentile); MVPA = 
moderate to vigorous physical activity; PAS = Physical Activity School; SD = standard deviation. 1 Low = primary, 
vocational and lower general secondary education; average = higher general and pre-university secondary 
education, lower professional education; high = higher professional and academic education. 2 Average of the 
standardized scores of maternal education level, paternal education level, and income adjusted for household size. 
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Table A4 Health-related outcomes of the analysed sample at baseline and follow-up (post-imputation). 








BMI z-score, mean (SD)  0.14 (1.0) 0.08 (1.0) 0.16 (1.1) 
GP visits €35.53    
   Total mean costs  27.22 20.67 15.93 
   N (%)  417 (33.1%) 363 (28.8%) 318 (25.3%) 
Speech therapist visits €30.49    
   Total mean costs  54.10 48.73 42.48 
   N (%)  95 (7.5%) 105 (8.3%) 102 (8.1%) 
Specialist visits €92.47    
   Total mean costs   73.67 80.13 61.55 
   N (%)  366 (29.1%) 334 (26.5%) 330 (26.2%) 
Physiotherapist / Occupational 
therapist visit 
€35.53    
   Total mean costs   11.51 6.79 7.35 
   N (%)  26 (2.1%) 20 (1.6%) 25 (2.0%) 
Psychologist / social worker    
   Total mean costs  58.48 24.69 25.68 
   N (%) 
€65.04 
64 (5.1%) 64 (5.1%) 49 (3.9%) 
Youth care 1    
   Total mean costs  17.15 16.07 51.86 
   N (%) 
€62.24 
40 (3.2%) 44 (3.5%) 52 (4.1%) 
Medication use    
   Total mean costs  20.20 22.59 26.41 
   N (%) 
See 
methods 
114 (9.1%) 156 (12.4%) 149 (11.8%) 
Hospital admissions    
   Total mean costs  81.83 51.48 49.95 
   N (%) 
€483.71 
37 (2.9%) 44 (3.5%) 35 (2.8%) 
   Total healthcare costs, median (IQR) 
   N (%) 
   If any costs are incurred, median (IQR) 









Health-related school absenteeism     
   Absenteeism days, median (IQR)  5.00 (2.0–8.3) 4.50 (2.0–8.3) 3.50 (2.0–7.0) 
   N (%)  1194 (94.8%) 1237 (98.3%) 1221 (97.0%) 
HRQOL     
   VAS (EQ5D), mean (SD) 2  88.20 (15.2) 86.60 (16.9) 85.82 (17.0) 
   PedsQL, mean (SD) 3  79.09 (13.3) 80.71 (13.2) 80.33 (13.2) 
Psychosocial health     
   SDQ, mean (SD) 4  6.98 (4.2) 8.03 (4.4) NA 
Notes: BMI = body mass index; EQ5D = EuroQol 5 Dimensions Questionnaire; HRQOL = health-related quality of 
life; N = number of observations; PedsQL = Pediatric Quality of Life Inventory; SD = standard deviation; SDQ = 
Strengths and Difficulties Questionnaire; VAS = Visual Analogue Scale. 1 Dutch: jeugdzorg en jeugdhulpverlening; 2 
The VAS score ranged from 0 to 100, where 100 is best imaginable health; 3 Higher PedsQL scores represent 
better quality of life; 4 Higher SDQ scores indicate more problems. 
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The effects of school-based lifestyle interventions on body 
mass index and blood pressure: a multivariate multilevel 


















Manuela A. Joore 
I. Ferreira 




Primary prevention of childhood obesity and related hypertension is warrant given that both 
risk factors are intertwined and track into adulthood. This systematic review and meta-
analysis assesses the impact of school-based lifestyle interventions on children’s body mass 
index (BMI) and blood pressure (BP). We searched databases and prior reviews. Eligibility 
criteria were: randomized controlled trial design, evaluation of a school-based intervention, 
targeting children aged 4-12 years, reporting on BMI and/or related cardiovascular risk 
factors, reporting data on at least one follow-up moment. The effects on BMI, systolic (SBP) 
and diastolic blood pressure (DBP) were evaluated by means of univariate and multivariate 
three-level random effects models. 85 RCTs (91 papers) were included in the meta-
analyses. In univariate models the pooled effects were -0.072 (95%CI:-0.106;-0.038) for 
BMI, -0.183 (95% CI:-0.288;-0.078) for SBP, and -0.071 (95% CI:-0.185; 0.044) for 
DBP. In multivariate analyses, the pooled effects of interventions were -0.054 
(95%CI:-0.131;0.022) for BMI, -0.182 (95%CI:-0.266;-0.098) for SBP, and -0.144 
(95%CI:-0.230;-0.057) for DBP. Parental involvement accentuated the beneficial effects of 
interventions. School-based lifestyle prevention interventions result in beneficial changes in 
children’s BMI and BP, and the effects on the latter may be stronger than and accrue 
independently from those in the former. 
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Introduction 
The increases in the prevalence of overweight and obesity observed over the last decades in 
children and adolescents are recognized as a major Public Health challenge worldwide.1 In 
children and adolescents, higher levels of adiposity or obesity (most often ascertained by 
means of the body mass index – BMI) are strongly associated with higher levels of blood 
pressure (BP).2-4 Indeed, recent increases in the prevalence of elevated BP/hypertension in 
children and adolescents have been, to a great extent, attributed to the increasing 
prevalence of overweight.5-7 BMI and BP are not only intertwined but both track strongly, 
from childhood into adulthood.8,9 Higher levels of BMI and/or BP in childhood/ 
adolescence, and sustained throughout the life-course, have a deleterious impact on 
cardiovascular health, as depicted by related arterial wall thickening and stiffening, and left 
ventricular hypertrophy already in childhood 10,11 and in later in life.12-18 These (pre-clinical) 
adverse adaptations underlie the development of cardiovascular disease and may explain 
the increased cardiovascular mortality and shortened lifespan that has been attributed to 
childhood obesity and hypertension.19-23 All together these evidence support primary 
preventive measures among the young. Indeed, although obesity and/or hypertension–
related cardiovascular events are rare at young age, the ultimate goal of preventive 
measures targeting BMI early in life is also to induce favourable changes on related risk 
factors, and to prevent its sequelae later in life (Figure 1). The extent to which this has been 
















Figure 1 Body mass index (BMI) and blood pressure (BP) as closely intertwined risk factors for 
cardiovascular disease (CVD): tracking and impact on (pre-clinical) markers of target organ 
damage throughout the life-course, starting already at young age. 




Childhood constitutes a critical period for the establishment of health-related behaviours 
such as dietary and physical activity habits that may affect BMI and/or BP and persist into 
adulthood.24,25 As such, childhood provides a window of opportunity either to promote 
healthy lifelong trajectories or to interrupt unhealthy ones.26 Given that children spend a 
considerable part of their weekly day-time at school, and the fundamental educative role of 
schools, this setting has been recommended as preferential for the implementation of (large 
scale) interventions aiming at the primary prevention of obesity and general health 
promotion among children.27-31 Indeed, the school setting offers the advantages of 
facilitating compliance to intervention and reach of preventive measures to children from 
diverse socio-economic and ethnic backgrounds.27-29,31 
 
In this line, recent systematic reviews and meta-analyses on general childhood obesity 
and/or hypertension prevention programmes have drawn their conclusions from a set of 
studies most of which were conducted in the school setting.32,33 The findings from these and 
other meta-analyses on the effect of school-based (lifestyle) interventions on children’s BMI 
or BP have not been consistent, however. Different findings may have been explained, at 
least in part, by their different focus (e.g. some revised the effects of physical activity 34-36 or 
educational37 interventions specifically, whereas others included all of these28,38,39), and/or 
selection criteria (e.g. some included randomized controlled trials (RCTs) exclusively,35-37 
whereas other included also any controlled intervention without the randomization 
criteria.28,32-34,38,39 An additional review refrained from summarizing the evidence 
quantitatively using heterogeneity of the populations and interventions as justification.36 
Currently, examining the extent to which such heterogeneity can be explained by such 
moderators is a question of interest that can be addressed with modern meta-analytical 
tools.40 In addition, from a methodological point of view, these prior meta-analyses have not 
handled dependent effects within studies optimally.  
Most meta-analytical procedures employed thus far (i.e. fixed effects and random effects 
models) assume independence among the effect sizes to be pooled, when, in fact, this 
hardly occurs. Very often RCTs on school-based interventions report on intervention-induced 
differences in the outcomes of interest: 1) across multiple comparison groups (e.g. boys and 
girls, separately); 2) between different intervention groups (e.g. physical activity, dietary, or 
educational intervention arms vs. the same control group); 3) across multiple time points (e.g. 
after 6 months and after one year); and/or 4) multiple outcomes (RCTs evaluating effects on 
systolic (SBP) and diastolic blood pressure (DBP), constitute a clear example of this 
situation). The effect sizes than can be retrieved from all these scenarios are not independent 
and, therefore, to meet the independence assumption, most often meta-analysts adopt 
strategies such as: ignoring dependence (most often seen when multiple comparison groups, 
such as subgroups of boys and girls within a study are considered independent, which is 
disputable); elimination (e.g. choosing only one treatment or time point effect size per study); 
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averaging effect sizes within studies, and/or analysing multiple outcomes within studies 
separately. These strategies remain sub-optimal at the light of meta-analytical tools that are 
currently available and that allow proper modelling of dependencies within studies without 
the unnecessary loss of information/data-reduction aforementioned and thus yield a more 
robust pooled of effect sizes – i.e. multi-level meta-analysis techniques [details will be 
provided in the methods section].41-43 
 
In view of these considerations, we have revised, systematically, the current evidence on the 
impact of school-based lifestyle RCTs on children’s BMI and BP with the use of multilevel 
meta-analysis techniques. By applying these models to the context of multiple outcomes we 
have also addressed whether, and the extent to which, any effects of such interventions 
differed between BMI and BP (and its systolic and diastolic components), a question that 
was left unanswered by the meta-analytical approaches used in prior meta-analyses. 
Methods 
Search strategy and study selection criteria 
We searched MEDLINE, EMBASE, Web of Science and the Cochrane Library for relevant 
studies from their inception through 15th December 2013. Details of the search strategies 
implemented are shown in Appendix 1.  
Two authors (M. O. and I. F.) independently assessed the abstracts of papers potentially 
eligible for inclusion. Studies were eligible if they met all of the following criteria: 
- design was a randomized controlled trial (RCT) where the control group did not receive 
any intervention beyond the usual curricular activities; 
- outcomes were BMI and/or related cardiovascular risk factors; 
- data were reported at least at one follow-up moment since the start of the intervention;  
- intervention was implemented in the school setting; and 
- intervention targeted children in the age range of 4-12 years (rounded); 
If there was doubt about study eligibility the full text of the paper was reviewed and any 
remaining discrepancies were resolved by consensus involving the third author (M.J.). 
 
A lifestyle intervention was defined as any including changes towards healthier eating (e.g. 
by changes in foods provided by school canteens/cafeterias), physical (in)activity levels 
(e.g. increasing physical education load, adding additional physical activity (PA) programs 
after regular school time and/or reduction in time spent in sedentary behaviours), and/or 
education for healthier dietary and activity behaviours (e.g. through pamphlets, didactic 
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materials and/or lectures). These interventions could vary in content and mode of delivery 
and were generally classified into single (i.e. diet, PA or education only) or multicomponent 
(i.e. any combination of the three).  
Given that, among children the lifestyle strategies to prevent excessive weight gain and to 
treat obesity overlap considerably, we did not exclude RCTs that targeted 
overweight/obese (or (pre)hypertensive) children specifically. We did not implement 
restrictions on the duration of the interventions but papers reporting on outcomes years after 
the intervention ended were not included. 
Data extraction and quality management 
Data from each study included was extracted by one author (M.O.), cross-checked by 
another (I. F.) and imputed into a code sheet comprising population, intervention and 
methodological quality characteristics of interest, which were defined, a priori, on the basis 
of appreciation from previous reviews on the topic. Specifically, study population 
characteristics retrieved consisted of the number of children, sex distribution, mean age in 
intervention and control groups, and country of origin. Intervention characteristics consisted 
of the year of implementation start, duration (including multiple time points in samples where 
these were reported), intervention type (i.e. diet, PA, education or multicomponent and 
whether it included or not parental involvement), and timing of delivery (i.e. during and/or 
after regular class time). For the relevant RCTs the type of device used to measure BP was 
also considered. 
Where more than one paper was found relating to the same RCT, either we extracted the 
data from the one providing the most detailed or complete information (e.g., in the case of 
final vs. preliminary reports on the same RCT), or we extracted the data from several papers 
if these reported complementary information on the same RCT (e.g., effects at different 
follow-up times since the start of intervention). Note that such (repeated) effects were those 
while children were still undergoing the intervention up to very soon after its end. When RCTs 
reported data for separate subgroups (e.g. boys and girls), these were extracted separately 
instead of pooling them into an overall score for the whole study sample. Likewise, when 
RCTs had more than one intervention group (vs. the same control group) we extracted the 
data from each such group separately. 
We also evaluated study quality with the use of the Cochrane Collaboration’s tool for 
assessing risk of bias in systematic reviews of interventions,44 covering the following 
categories: selection bias (sequence generation and allocation sequence concealment), 
detection bias (blinding of outcome assessment) and attrition bias (incomplete outcome 
data) (Appendix 2). Given the nature of the interventions, blinding of participants and 
personnel to treatment allocation was not feasible and therefore performance bias not 
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considered. Also, we did not score the level of reporting bias (selective outcome reporting) 
because we did not have a means to verify, for all studies equally, the extent to which this 
potential bias could have occurred (as formal trial registration with protocol description prior 
to publication of intervention results could not be retrieved for most of the RCTs). We 
refrained from assigning a summary score to each study on the basis of these categories as 
recommend by the authors of this tool.44 Instead, the contribution of methodological aspects 
of study quality, and of the population and intervention characteristics to the heterogeneity 
of the pooled effect sizes was explored by means of meta-regression analyses (vide-infra). 
Data synthesis and meta-analyses 
Main outcomes and computation of effect sizes 
The outcomes of interest were the differences in standardized mean changes (SMC) in BMI 
or BP between treatment and control groups. We chose BMI or, when BMI was not 
reported, BMI z-scores (i.e. BMI standardized for age and sex) because, in contrast to other 
measures of adiposity such as skinfolds, body circumferences or total body fat percentage 
derived from dual x-ray absorptiometry, either BMI or BMI z-scores (BMIz) were 
consistently reported across all studies selected. In addition, BMI and BMIz are highly 
correlated and, at the population level, are appropriate measures of adiposity in growing 
children.45 Furthermore, we did not undertake a meta-analysis on the effects of the 
interventions on the prevalence or incidence of overweight or obesity because: 1) the 
different definitions used across studies to classify children into these categories; and 
2) these were not reported in the majority of the studies, where any shift in BMI was the 
primary outcome of interest. For the same reasons we chose SBP and/or DBP as the main BP 
outcomes of interest and not prevalence or incidence of (pre)hypertension.  
We calculated, for each RCT, and when needed, for each subgroup within an RCT (vide 
supra), a SMC for pre-test post-test control group designs46 with the use of the escalc 
function implemented in the metaphor package in R. Specifically, SMC with raw score 
standardization (d) were first calculated for the treatment(s) group(s) and for the control 
group, separately, as: 
 
         (1) 
 
 
         (2) 






( )dC = c(nC – 1)
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 …where Mpost,T and Mpre,T are the treatment group post-test and pre-test means, 
SDpre,T is the standard deviations (SD) of the treatment group pre-test scores; likewise, Mpost,C 
and Mpre,C are the control group post-test and pre-test means, SDpre,C is the standard 
deviation of the control group pre-test scores and c is a bias-correction factor applied to 
each d as approximated by: 
 
         (3) 
 
 …where n is the sample size in the treatment or control groups. The sampling 
variances of d in each group were calculated as described by Becker 47 
 
         (4) 
 
 … and thus are a function of the group mean change, size (n) as well as of the pre-
test – post-test correlation (r) in the outcome of interest; however, because such values of r 
are often not reported, we used, as best available estimates, the tracking coefficient values 
estimated in meta-analyses of BMI8 and BP9, taking into account the children’s age and the 
length of time elapsed between baseline and follow-up measure (Appendix 3).  
The difference between the two SMC values [i.e. dT – dC] are then calculated as the effect 
size to be pooled in meta-analysis (denoted by yi), indicating how much larger (or smaller) 
the change in BMI or BP in the treatment group was when compared with the change in the 
control group, expressed in SD units. Finally, the sampling variances of yi (denoted by vi) 
were computed by adding the sampling variances of the two groups [i.e. vT + vC].   
From most of the RCTs we could retrieve, for both the intervention(s) and the control groups, 
the pre-test and post-test means and SDs (though only the pre-test SDs were needed) to 
compute the effect sizes as described above. In the remaining, a mix of information was 
available. For instance, if only the change values were reported, post-test values were set to 
these values and the pre-test values were set to zero. When only the groups’ pre-test means 
and SDs, and the net change values (i.e. the differences in changes between groups) were 
given, the post-test value in the intervention group was calculated as the pre-test + the net 
change values, while the post-test score in the control group was set to its pre-test value. 
When pre-test SDs, or standard errors or 95% confidence intervals (CI) to calculate it, were 
not provided, we imputed a SD value derived from a model regressing all other studies’ SDs 
on sample size (in 4 RCTs only). Finally, when only the p-values derived from t-tests 
comparing changes in BMI (in 2 RCTs only) or BP (in 3 RCTs only) between the intervention 
and control groups were given, the standardized mean change difference (g) was 
calculated as:   
3
4(n – 1) - 1
c = 1  -
2(1 – r)
nv(d) =                +
d2
2n
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        (5) 
 
…and the sampling variance as 
 
        (6) 
 
Meta-analyses 
Due to the hierarchical or multilevel structure of the data, with multiple effect size estimates 
nested within the RCTs, we used a multilevel meta-analytic method of data analyses – i.e. a 
three-level model,41-43 recently implemented in the packages ‘metafor’48 and ‘metaSEM’49 
in R (http://www.R-project.org/). Traditional random-effects models are equivalent to a 
two-level multilevel model where level 2 variance represents between-RCT differences in 
effect size estimates assuming that all RCTs are contributing independent effects sizes. In 
contrast, a three-level meta-analysis accounts for the clustering of dependent effect sizes 
within RCTs (at level 2) and between-RCTs effects are then estimated at level 3. With the use 
of multilevel analyses we can thus model dependence when the exact correlations between 
the dependent effect sizes are not known, because often these are not reported for the 
multiple effect sizes within a RCT.41-43 In addition, multilevel meta-analyses enables the use 
of all data retrievable from the individual RCTs instead of selecting or aggregating part of it, 
thereby boosting the power and the precision of the pooled estimates derived.41-43 We first 
conducted univariate random-effects three-level meta-analysis of the effects of school- 
based interventions on each of the outcomes of interest, separately: i.e. the standardized 
mean changes in BMI, SBP or DBP. Meta-analyses using the ‘traditional’ two-level random 
effects model were also conducted and their results presented for purposes of model 
comparisons. Heterogeneity in these models was tested by means of the Q statistic and 
quantified at level 2 and/or level 3 by estimating the τ2 and I2 values, as described in detail 
elsewhere.49  
For the BP outcomes, we then extended the univariate model to a multivariate one, i.e. by 
considering both outcomes simultaneously and thus also accounting for their dependency 
within studies. Indeed, most of the RCTs that reported on the effects of school-based 
interventions on BP did so for both SBP and DBP, which were measured in same samples 
and under the same conditions, and are thus correlated. Specifically, this was done by 
combining all effect sizes on SBP and DBP into a BP dataset and conducting, first, a three-
level multilevel model (without predictors) to estimate the mean overall effect on BP, which 
does not distinguishes between SBP and DBP; afterwards, an outcome indicator (dummy 
variable) was included as predictor in a mixed-effects model to estimate the mean effect for 
each outcome, allowing also for an appreciation of any differential mean effects or, in other 
1
n1










words, the extent to which mean effects on SBP differed from those on DBP.43 These analyses 
were confined to the set of RCTs that reported on any BP outcomes. Likewise, we performed 
multivariate multilevel analyses with BMI, SBP and DBP as outcomes to enable us to 
ascertain whether and the extent to which the effects on BMI differed from those on BP 
(analyses confined to the set of RCTs that reported on both on BMI and BP outcomes). 
We have also conducted meta-regression analyses with the use of mixed-effects three-level 
models to examine population, intervention and methodological quality characteristics as 
potential moderators of the pooled effect sizes. The extent of heterogeneity explained by the 
moderators considered was quantified in % of variance (expressed by R2) at the levels 2 
and/or 3.49 These analyses were first conducted with univariable models (i.e. each 
moderator analysed at a time) and then with multivariable models (all moderators included 
simultaneously). At this stage, and for the sake of clarity, it is important to stress that the terms 
univariate and univariable, as the terms multivariate and multivariable, used to describe the 
models used in our study, should not be used interchangeably (as often done in the 
published literature). Univariate (one) and multivariate (more than one) refer to the number 
or outcomes considered in a (regression) model whereas univariable (one) and 
multivariable (more than one) refer to the number of predictors included in a regression 
model. 
The presence of publication biases was analysed visually by inspection of asymmetries in 
funnel plots and tested by including the inverse of the sample size as a potential covariate in 
the (univariate multi-level) models.50 A significant relationship between the inverse of the 
sample size and the observed effects size would be suggestive of publication bias. 
Results 
Study selection 
The electronic search identified 957 papers. After removal of duplicates (n=459), we first 
excluded 196 papers on the basis of their titles, as they clearly did not match the scope of 
interest. After screening the abstracts of the 302 remaining papers, 215 were excluded 
because of not meeting the inclusion criteria. This left us with 87 papers reporting on 68 
unique RCTs. At this stage, 28 additional papers reporting on 26 unique RCTs were 
identified by cross checking with our own records and reference lists from prior systematic 
reviews and/or meta-analyses. In total, we thus revised the full content of 115 papers but 
some of these (n=24, reporting on 9 unique RCTs, listed in Supporting Information 4) were 
excluded because their data: were considered redundant, i.e. repeated or more detailed 
data on the same RCT could be retrieved from other paper(s) included (n=10); concerned 
the long(er)-term effects after cessation of the intervention (n=4); or referred to outcomes 
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other than BMI or BMIz and/or BP (n=10). Therefore, the present meta-analysis includes 
data retrieved from 91 papers, published between 1985 and 2013, reporting on 85 























Figure 2 PRISMA Flow diagram for the selection of studies included in the systematic review and meta-
analyses of the effects of school-based interventions on body mass index (BMI) and blood 
pressure.  
 Notes: BMI = Body Mass Index; DBP = diastolic blood pressure; RCT = randomized controlled trial; 
SBP = systolic blood pressure. 
 
General characteristics of the RCTs included  
The 85 unique RCTs identified were conducted in 29 different countries, mostly in Europe 
(n=37) 52-54,57,64,68,72,77,78,80,81,83,84,87,88,91-94,96,97,99-103,107,110-112,115,117,119-121,125,126, 133,134,137 
or North America (n=33),51,55,56,59-61,63,65-67,69,73-76,79,82,85,86,90,98,104,108,114,116,122,127-
131,136,138-141 whereas the remaining were conducted in Oceania (n=7),58,62,70,120,123,132,135 
Asia (n=5),89,95,105,106,109 South America (n=2)113, 124 and North Africa (n=1).71 In total, the 
85 RCTs included 72,934 pupils (37,084 boys, 35,850 girls) and the median number of 
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pupils included per RCT was 464 [range 50 to 8,301]. The vast majority of the RCTs 
included pupils irrespective of their weight status at baseline, but 3 RCTs targeted only 
overweight/obese children.61,77,134 One RCT targeted boys52 and 2 RCTs targeted 
girls56,131 only. One RCT targeted both boys and girls but the effects sizes could only be 
estimated for boys.58 Most RCTs were conducted during school-time (i.e. within the normal 
curricular time) (n=66) whereas others were conducted after-school hours (i.e. as additional 
curricular activities) (n=9) or during and after school-hours (n=10). RCTs included in the 
present review were implemented over the past three decades, the oldest starting in 1980 
and the most recent starting in 2011, and had a median duration of 12 months [range 1.5-
96]. Most of the RCTs (n=80) compared only one intervention arm with a control group; 
specifically, 32 of these RCTs evaluated the effects of one intervention comprising only one 
component, i.e. education (n=15),59,70,72,76,83,85,87,90,91,97,116, 117,124,134,136 physical activity 
(n=16)51,55,67,68,81,84,93,94,103,106,114,115,119,121,122,128,133 or diet (n=1),62 whereas 48 RCTs 
evaluated the effects of one intervention combining two or more of these components such 
as PA and education (n=21),57,61,65,71,78,86,88,89,92,95,96,99-101,109-112,125-127,129,137 diet and 
education (n=7),52,64,66,75,107,113,140,141 diet and PA (n=3),56,102,130 or a combination of diet, 
PA and education (n=17).53,54,58,60,63,69,73,74,77,79,80,98,108,120,131,132,138,139 Five RCTs compared 
more than one intervention arm (consisting of single and/or multi-components) with the 
same control group.82,104,105,123,135 Fifty-three RCTs also included a parental involvement 
component (e.g. by newsletters, information sessions, via homework tasks for children) in 
addition to the single or multi lifestyle components delivered directly to the children.52-55,57-
60,63,64,66,69-77,80,83,85-91,93,96-98,100,101,105,108-113,115,116,120,123,125-127,129,130,134,135,139 
From the 85 unique RCTs, most reported on BMI or BMIz (hereafter referred to as BMI) 
outcomes only (n=61),51,53,55-57,60,61,63-76,78,80,83,85-92,94-102,105-107,109-113,115-117,119,120,122-
125,127,130,131,133,134,139 and the remainder reported on BMI and both SBP and DBP 
outcomes (n=19),52,54,59,62,79,81,82,84,93,103,104,108,114,121,126,132,135-138,140,141 or on BMI and 
SBP (n=2)77,129 or on BMI and DBP (n=1).58 Only 2 RCTs reported exclusively on both BP 
outcomes.118,128  
Meta-analysis – effects on BMI 
Single and multiple effect sizes retrieved per RCT 
From 50 RCTs we could only retrieve one effect size (k) reported for a single intervention 
arm at a single time-point (that at or around the end-of the intervention period, the exact 
duration of each could differ between studies)53-58,60-62,64-68,70-81,83,86,87,91-93,95,98,99, 
102,107,108, 114,116,117,120,124,125,127,129-131,134,136,137 (Figure 3, scenario A, 50 RCTs - data 
(k=50) retrieved from 51 papers).  
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From some RCTs we retrieved the effects sizes at a single time point for each of the two 63,84 
(2 RCTs, k=4) or three104,105,123 (3 RCTs, k=9) intervention arms reported, or for a single 
intervention arm concerning two (most often boys and girls)51,82,88,89,96,106,109, 
110,113,115,119,133 (12 RCTs, k=24) or four (1 RCT, k=4)94 subgroups separately. From one 
additional RCT we retrieved the effect sizes reported at a single time point for each of the 
five intervention arms reported, each of which tested in two subgroups separately135 (1 RCT, 
k=10) (Figure 3, scenario B, 19 RCTs (k=51) retrieved from 19 papers). Some RCTs 
reported effect sizes of a single intervention arm at multiple time-points (within RCTs) while 
participants were still on intervention; specifically, we retrieved these effect sizes which were 
reported at two different time-points in 7 RCTs (k=14)52,69,90,97,100,101,111,112,132, at three 
different time-points in 2 RCTs (k=6)85,140,141 and at 4 time-points in 1 RCT (k=4)59 (Figure 3, 
scenario C, 10 RCTs (k=24) retrieved from 13 papers). Finally, several RCTs also reported 
effect sizes at multiple time-points while on intervention and for several subgroups and/or 
intervention arms separately; specifically, from 3 RCTs we retrieved the effects sizes for a 
single intervention arm reported in two subgroups separately either at two (k=4),103,121 three 
(k=6)122 or four (k=8126 different time-points; from 1 additional RCT139 we retrieved the 
effects sizes of two intervention arms, each reported in two subgroups separately and at two 
different time-points while on intervention (k=8) (Figure 3, scenario D, 4 RCTs (k=26) 
retrieved from 5 papers).  
We have therefore pooled a total of 151 effects sizes (k) on BMI accounting for their 















Figure 3 Illustration of four different scenarios yielding single and multiple effect sizes per randomized 
controlled trial (RCT) as observed in the present meta-analysis. 




Pooled effect sizes – univariate analysis 
The estimated average effect under a two-level (random effects) model was -0.063 (-0.089 
to -0.038), p<0.001. The Q(df=150) statistic was 897.7, p<0.001 and the estimated 
amount of heterogeneity (per definition only at level 2) were τ2=0.019 and I2=86.7%.  
Under a three-level model the estimated average effect was -0.072 (95% CI: -0.106 to 
-0.038), p<0.001 (Figure 4). The estimated level of heterogeneity at level 2 τ2(2) was nearly 
0 and at level 3 τ2(3) was 0.020, and the respective I
2 were I2(2)=0% and I
2
(3)=87.3% (Table 
1). These values indicate that 87.3% of the total variation was explained by differences 
across the RCTs but not by differences within the RCTs, and the remaining 12.7% of the total 
variation was due to known sampling error.  
From these data one could argue about the need of a three-level model since the variance 
at level 2 in the two-level model seem to have all been transferred to one level higher (to 
level 3 in the three-level model). However, when we compared the two models by means of 
a likelihood ratio test (tested on the boundary) the test-statistic was significant [2(df=1) 
=71.040, p<0.001]. In other words, the three-level model provided a better fit to the data 
than the two-level model, which may have been miss-specified. This is supported by the fact 
that the width of the 95%CI around the estimated average effect (and thus of the SEs -0.013 
vs. 0.017) was smaller in the two-level model, which ignored the clustering of effects sizes 
within RCTs.  
Finally, we did not find evidence of significant funnel plot asymmetry (p=0.749) indicating 
that the pooled effect sizes seemed not to have been threatened by publication bias (Figure 
5a). 
 
Table 1 Two-level and three-level random-effects meta-analyses of the impact of school based 
interventions on children’s BMI. 
BMI 
















I2 (level2) 86.7% 0% 
I2 (level3) 0
a 87.3% 
Q (df, 150)=897.7$ 
Notes: BMI = Body Mass Index; CI = confidence interval; df = degrees of freedom; k = number of effect sizes. $ p-
value<0.001; a Per definition fixed at 0 in the two-level meta-analysis 





































Figure 4 Forest plot of school-based intervention effects on changes in body mass index.  
 Notes: D = dietary intervention arm; E = education intervention arm; F = girls subsample; M = male 
subsample; PA =physical activity intervention arm; S = (other) subgroup; SMD = standardized mean 




In an attempt to understand which factors explained the large heterogeneity of the effects of 
school-based interventions on pupils’ changes in BMI, we analysed a set of population, 
intervention and study quality characteristics as moderators in univariable models (i.e. each 
moderator at a time) and a multivariable (i.e. all moderator simultaneously) meta-regression 
model (Table 2). Because results derived from univariable models do not account for the 
confounding effects of the other moderators, we confine our appreciations on the magnitude 
of such moderators’ associations as obtained in the multivariable model. In brief, among all 
the moderators investigated, we found that only parental involvement and interventions that 
included activities conducted exclusively after school time seemed to significantly affect the 
beneficial effects of the lifestyle school-based interventions on children’s BMI, in this case, 
accentuating it. Together, the population and the intervention characteristics considered 
explained 29.3% of the heterogeneity (all at level 3) of the effects between studies. Aspects 
of methodological quality did not explain any significant portion of the heterogeneity 
besides that already explained by the remaining moderators neither changed the magnitude 
of their coefficients and, therefore, to secure a parsimonious model, were left out of the 
multivariable model. 
Additional analyses 
We have also examined whether the mean effect sizes of school-based intervention as 
reported above [-0.072 (95% CI: -0.106 to -0.038] differed between studies that reported 
effects on adiposity expressed by changes in BMI vs. BMI z scores, but found no such 
differences; specifically, mean effects were -0.077 (-0.113 to -0.040), p<0.001, for 
changes in BMI (k=123), and -0.051 (-0.123 to 0.021), p=0.169, for changes in BMIz 
data (k=28), but these did not differ significantly from one another: 0.026 (-0.052 to 
0.104), p=0.512. 
Meta-analysis – effects on BP (SBP & DBP) 
Single and multiple effect sizes retrieved per RCT. We retrieved only one effect size reported 
for a single intervention arm at a single time-point in 10 RCTs54,62,77,93,108,114,128,129,136,137 
(Figure 3, scenario A, 10 RCTs (k=10) retrieved from 10 papers). From some RCTs we 
retrieved the effects sizes at a single time point for each of the two (1 RCT, k=2)82,84 or three 
(1 RCT, k=3)104 intervention arms reported, or for a single intervention arm concerning two 
subgroups82,118,138 (3 RCTs, k=6); from one additional RCT we retrieved the effect sizes 
reported at a single time point for each of the five intervention arms reported, each of which 
tested in two subgroups separately135 (1 RCT, k=10) (Figure 3.3, scenario B, 6 RCTs (k=21) 
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retrieved from 6 papers). Some RCTs reported effect sizes of a single intervention arm at 
multiple time-points (within RCTs) while participants were still on intervention; specifically, we 
retrieved these effect sizes which were reported at two different time-points in 3 RCTs 
(k=6),52,126,132 at three different time-points in 1 RCT (k=3)140,141 and at 4 time-points in 1 
RCT (k=4)59 (Figure 3, scenario C, 5 RCTs (k=13) retrieved from 6 papers). Finally, we 
retrieved the effects sizes for a single intervention arm reported in two (1 RCT, k=4)103,121 or 
four 81 (1 RCT, k=8) subgroups each at two different time-points while on intervention (Figure 
3, scenario D, 2 RCTs (k=12) retrieved from 3 papers). We have therefore pooled a total of 
56 effects sizes (k) on SBP accounting for their interdependence within the 23 unique RCTs 
(25 papers) from which they were retrieved.52,54,59,62,77,81,82,84,93,103,104,108,114,118, 
121,126,128,129,132,135-138,140,141 These numbers are slightly different for DBP (i.e. 55 k from 22 
unique RCTs, 24 papers) because 2 RCTs mentioned above reported on SBP outcome 
only,77 and because one additional RCT reported on DBP only.58 
Pooled effect sizes – univariate analyses 
The estimated average effects under a two-level (random effects) model were -0.125 
(-0.206 to -0.044), p=0.002 for SBP and -0.079 (-0.157 to -0.001), p=0.048 for DBP. 
The Q statistics were Q(df=55)=379.5 and Q(df=54)=332.2 (both p<0.001), respectively. 
The estimated amount of heterogeneity (per definition only at level 2) were τ2=0.070 
(I2=88.6%) and τ2=0.058 (I2=85.0%), for SBP and DBP respectively (Table 3).  
 





(3)) in the three level model. Ignoring the 3rd level in this hierarchical 
data structure of effect sizes would have led to an incorrect allocation of all study 
heterogeneity to level 2 only. Indeed, when we compared the two models by means of a 
likelihood ratio test (tested on the boundary) the test-statistics were significant for both SBP 
[2(df=1) =27.553, p<0.001] and DBP [2(df=1) =12.518, p<0.001]. In other words, the 
three-level model provided a better fit to the data than the two-level model, which may have 
been miss-specified. This is also supported by the fact that the width of the 95%CI around the 
estimated averaged effect (and thus of the SEs: 0.041 vs. 0.054 for SBP and 0.040 vs. 
0.058 for DBP, in the two vs. three-level models, respectively) was smaller in the two-level 
model, which ignored the clustering of effects sizes within RCTs. Finally, we did not find 
evidence of significant funnel plot asymmetry (p-value=0.779 for SBP and p-value=0.546 
for DBP) indicating that the pooled effect sizes seemed not to have been threatened by 
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Figure 5 Funnel plots for (a) body mass index; (b) systolic blood pressure; and (c) diastolic blood 
pressure effect sizes. 
 
Pooled effect sizes – multivariate analyses 
The averaged effects on SBP and DBP described above were those pooled from models that 
ignored the interdependence of the two BP components. To circumvent the bias that may still 
have been present due to this dependency, we have therefore ‘extended’ the univariate 
three-level models presented above (i.e. for either SBP or DBP) to a multivariate BP model. 
Specifically, in this model all BP effects sizes were combined (k=111) and a three-level 
multilevel model without predictors was first used to estimate the mean overall effect on BP, 
thus not distinguishing between SBP and DBP. The averaged effect on BP obtained from such 
model was -0.128 (95%CI: -0.224 to -0.032), p=0.009; Q(df=110) statistic=751.4, 






(3)=54.6% (Table 3). 
Subsequently, an outcome indicator (dummy variable) was included in a mixed-effects 
model to estimate the mean effect for each outcome, allowing also for an appreciation of 
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any differential mean effects—that is, the extent to which mean effects on SBP differ from 
those on DBP. These analyses yielded and averaged effect for SBP of -0.151 (-0.253 to 
-0.049), p=0.004, and for DBP of -0.103 (-0.206 to 0.001), p=0.053, and although the 
averaged effects seemed stronger for the systolic than the diastolic BP component (Table 3), 
the difference was not statistically significant [-0.048 (-0.128 to 0.031), p=0.233]. The 
multivariate analyses yielded averaged effects that were somewhat weaker for SBP (-0.151 
vs. -0.183) and somewhat stronger for DBP (-0.103 vs. -0.071) than the univariate 






















Figure 6 Forest plot of school-based intervention effects on changes in systolic blood pressure (SBP) – 
univariate multilevel model.  
 Notes: D = dietary intervention arm; E = education intervention arm; F = girls subsample; M = male 
subsample; PA = physical activity intervention arm; S = (other) subgroup; T indicates time when 
effects at multiple time points were reported; SMD= standardized mean change. 
 
 









































































































































































































































































































































































































































































































































































































































































































































Figure 7 Forest plot of school-based intervention effects on changes in diastolic blood pressure (DBP) – 
univariate multilevel model.  
 Notes: D = dietary intervention arm; E = education intervention arm; F = girls subsample; M = male 
subsample; PA = physical activity intervention arm; S = (other) subgroup; T indicates time when 
effects at multiple time points were reported; SMD = standardized mean change. 
 
Meta-regression 
In an attempt to understand which factors explained the large heterogeneity of the effects of 
school-based interventions on pupils’ changes in BP, we also analysed a set of population, 
intervention and study quality characteristics as moderators in univariable models (i.e. each 
moderator at a time) and in a multivariable (i.e. all moderator simultaneously) meta-
regression models. Note that these analyses were built upon the multivariate BP model 
described above by adding interaction terms (or contrasts) to estimate potential differential 
moderating effects of predictors on SBP and DBP (Table 4). Again, here we confine our 
appreciation to the magnitude of such moderators’ associations as obtained in the 
multivariable meta-regression model.  
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In brief, among all the moderators investigated, we found that children’s age seemed to 
accentuate the beneficial effects of the lifestyle school-based interventions on SBP but not on 
DBP. Overall, the effects on both SBP and DBP extracted from sub-samples of boys or girls 
only were less pronounced than those extracted from samples comprising both boys and 
girls. Effects tended to be stronger among children’s with higher levels of BP at baseline, 
particularly of DBP. Effects on DBP obtained in RCTs conducted in North America and 
Oceania tended also to be stronger than those conducted in Europe, and for both SBP and 
DBP effects were stronger in the more recent than the older RCTs. The effects on SBP but not 
on DBP tended to attenuate with longer intervention duration, and inclusion of a parental 
involvement component accentuated the beneficial effects of the interventions on both SBP 
and DBP. Effects on both SBP and DBP were significantly weaker among RCTs that used 
oscillometric or digital devices as compared with the standard manual Sphygmomanometer 
to measure BP. Finally, among the variables of methodological quality, RCTs that were 
scored with unclear or at high risk of bias regarding allocation concealment tended to inflate 
the beneficial effects of the interventions of children’s SBP and DBP, as did those that were 
scored with unclear or high risk of bias for incomplete outcome data (SBP only).  
Together the two outcomes and all population, intervention and methodological quality 
characteristics considered, accounted for 84.9% of the heterogeneity at level 3 (τ2 
decreased from 0.025 to 0.003) of the effects on SBP and 79.2% of the heterogeneity at 
level 3 (τ2 decreased from 0.042 to 0.009) of the effects between on BP (Table 4). 
Meta-analysis – effects on BMI and BP  
We have also analysed, by means of univariate and multivariate three-level models, the set 
of 22 RCTs that reported on both BMI and BP outcomes (including those studies that 
reported on only BMI and SBP or only BMI and DBP) (Table 5). Because all three outcomes 
were expressed in standardized mean changes units, they could be pooled into one dataset.  
For BMI (52 k) univariate three-level models yielded pooled effect sizes that were somewhat 
weaker, albeit not statistically significantly so, than the univariate effect sizes pooled from the 
whole set of 83 RCTs (k=151) reporting on BMI, i.e. -0.042 vs. -0.072 (Table 5 vs. Table 
1).  
The univariate mean effect sizes for SBP (k=53) and DBP (k=52) did not materially differ 
from the whole set of RCTs reporting on BP given that the set of studies were essentially the 
same, i.e. -0.199 vs. -0.183 (SBP) and -0.082 vs. -0.071 (DBP) (Table 5 vs. Table 3).  
Noteworthy, in a multivariate model including all three outcomes, i.e. SBP, DBP and BMI, 
and thus accounting for the covariance among them, the effect sizes for BMI (-0.054 vs. 
-0.042) and SBP (-0.182 vs. -0.199) remained practically unchanged whereas the effects 
sizes for DBP (-0.144 vs. -0.082) increased appreciably, as compared with the univariate 
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models (Table 5). This suggests that the impact of the school-based interventions on BMI are 
independent of the concomitant effects on BP, but the effects on the later, particularly those 
on DBP, may be mediated by the former. In addition, comparisons of the strength of the 
effects sizes between the three outcomes indicate that the effects of the school-based 
interventions did not significantly differ between the 2 BP components, but the effect on both 
these were statistically stronger than those on BMI: -0.128 (-0.190 to -0.065), p<0.001 for 
SBP vs. BMI and -0.089 (-0.157 to -0.022), p=0.010 for DBP vs. BMI.  
 
Table 5 Univariate and multivariate three-level meta-analyses of the impact of school based 
interventions on children’s body mass index (BMI) and blood pressure (BP). 
Univariate  Multivariate 
Outcome k ß 95% CI  ß 95% CI 
BMI 52 -0.042 -0.076; -0.008†  -0.054 -0.131; 0.022* 
SBP 53 -0.199 -0.310; -0.088$  -0.182 -0.266; -0.098$ 
DBP 52 -0.082 -0.205; 0.042  -0.144 -0.230; -0.057$ 
Notes: BMI = body mass index; CI = confidence interval; DBP = diastolic blood pressure; k = number of effects 
sizes pooled; SBP = systolic blood pressure. * p<0.1; † p<0.05; ‡ p<0.01; $ p<0.001. 
Discussion 
In this systematic review and meta-analysis we investigated, with the use of advanced meta-
analytical tools, the effectiveness of school-based lifestyle preventive programmes on 
changes in BMI and BP. Overall, we found that such programmes induced favourable 
changes in both outcomes. However, it should be noted that such favourable changes do 
not necessarily mean reductions in these risk factors as often inferred by previous meta-
analyses, because, in growing children, often the beneficial effects reflect less steep 
increases in BMI or BP children submitted to the intervention than the control groups.  
Considering the magnitude of the SDs around the BMI mean values (on average 3.1 kg/m2) 
of the studies reviewed herein, the mean effect sizes drawn from our univariate multilevel 
analyses comprising the biggest bulk of studies on BMI specifically (i.e., -0.072) translate to 
approximately 0.22 kg/m2 favourable change in BMI. This effect is somewhat stronger than 
that reported in the most recent meta-analyses of school-based interventions, including 
multiple types of lifestyle interventions, on BMI.38 Likewise, considering the magnitude of the 
SDs (on average 10.7 mmHg for SBP and 8.5 mmHg for DBP), the mean effect sizes drawn 
from our multivariate multilevel meta-analyses (respectively, -0.182 and -0.144) translate to 
approximately 1.9 and 1.2 mmHg favourable changes in SBP and DBP, respectively. The 
effect size for SBP is thus a little bit higher whereas the effect size for DBP is somewhat lower 
than those reported in a recent relevant meta-analyses (1.6 and 1.4 mmHg, respectively).33 
However, in contrast to ours, these prior meta-analyses did not model dependencies arising 
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from multiple groups, treatment arms and/or multiple time points comparisons within studies, 
neither accounted for the dependencies of multiple outcomes within studies as naturally 
occurring in the case of variables such as SBP and DBP, which may thus explain the 
discrepancies. In addition, the fact that these prior meta-analyses included not only RCTs but 
also quasi-experimental studies and natural experiments, studies that were not confined to 
the school setting, and covered a wider range of children’s age (i.e. 2 to 18 years) may also 
have accounted for some of the differences. It remains unclear the extent to which reductions 
in BMI and BP of these magnitude translate to clinical relevant outcomes later in life. 
Nevertheless, given the tracking of BMI and BP from childhood to adulthood and the fact 
that, among adults each unit increase in BMI, SBP and/or DBP are associated with 
increased CVD and mortality, lends some support for the relevancy of implementation of 
school-based interventions for the primary prevention of obesity and hypertension.  
By conducting, for the first time, a multivariate meta-analyses of the effects of school-based 
lifestyle interventions on children’s BMI and BP we were also able to contrast the effects on 
one or the other outcome. We found that the overall beneficial effects seemed stronger for 
SBP and DBP than for BMI, a comparison that was enabled by expressing all these 
outcomes in standardized measures. These findings thus suggest that school-based 
interventions may result, at least in part, in a decline or less steep increases in BP beyond or 
regardless of the concomitant changes in BMI. This is in agreement with the conclusions 
drawn from the recent meta-analysis of Cai et al. who found that 39% of the reviewed 
interventions did not decrease adiposity but did reduce BP levels.33 We have now extended 
these findings by testing the effect sizes obtained for one or the other type of outcome, 
instead of basing our conclusions on cross-tabulated counts of studies with vs. without 
significant effects, as done in that previous review. These findings were, however, restricted 
to the subset of RCTs included in the present meta-analyses that included both BMI and BP 
outcomes (22 RCTs out of all 85 RCTs reviewed). On itself, this unbalanced number 
illustrates the use of BMI as the main outcome of interest in most of the studies reviewed, but 
reinforces the need to extend main outcomes of interest to other related risk factors as well to 
enable a more comprehensive evaluation of the effectiveness of school-based lifestyle 
interventions on cardiovascular/general health. Still, the independent effects on BP do not 
remove the possibility that at least a portion may have been mediated by favourable 
changes in BMI. Indeed, school-based interventions induced favourable changes in BMI 
(path a) that, in turn, are thought to correlate with favourable changes in BP (path b). 
However, the vast majority of the RCTs revised did not inform on path b correlations, 
precluding us from quantifying the magnitude of any such mediation. Hereby we thus point 
the need for such analyses at the individual study level to enable meta-analysts to address, 
and test with empirical data, aetiological-like questions (i.e. how or through which 
mechanisms did the effects accrued ?) instead of simply being able to address descriptive-
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like questions (i.e. for whom and it what circumstances?) as enabled my means of moderator 
analyses.142    
 
The high heterogeneity of effect sizes pooled in our meta-analyses is in agreement with 
previous systematic reviews. We therefore investigated a set of population, intervention and 
study quality characteristics (moderators) in an attempt to understand the sources of such 
(anticipated) high heterogeneity. For BMI we found that interventions including a parental 
involvement component (vs. no such component) and those that were implemented as extra-
curricular activities (vs. embedded in the standard curricular activities) modified the effect 
sizes towards more favourable effects, but these two and the remaining moderators 
considered only explained about one third of the heterogeneity observed. It is thus possible 
that the set of moderators considered were not sufficient/the best to capture the sources of 
heterogeneity. Therefore, although we have analysed more moderators than in prior meta-
analyses, and that also in these the extent of heterogeneity remained for a great deal 
unexplained, it remains that other moderators may need to be better identified and further 
investigated. For BP, almost all moderators considered modified the effects in an 
appreciable matter and, all together, explained the within- and between studies 
heterogeneity by about 80-85%.  
 
Worth to stress is the observation that, also with regard to BP outcomes, the inclusion of a 
parental involvement component in the interventions examined accentuated the beneficial 
effects. As noted by others, these findings suggest that targeting the home together with the 
school environment may lead to more effective interventions on both BMI and BP.28 For BP 
but not for BMI, the larger beneficial effects on outcomes were seen for children with the 
highest baseline levels of the specific outcomes. This suggests that the interventions reviewed 
may be more effective among children who are already (pre)hypertensive, which was also 
reported by Sbruzzi et al.37 but not necessarily so among children who are already 
overweight/obese. In other words, benefits may be booked to all children submitted to such 
interventions regardless of their baseline weight status. Prior meta-analyses argued that 
multicomponent interventions were more effective than interventions that targeted physical 
activity or diet only,28,33,38 but our findings do not seem to support this contention. Although 
this supports the value of any PA or dietary intervention as tools that can be used on their 
own right to prevent obesity and hypertension among the young, promoting multiple 
behaviours may induce a more comprehensive and coherent change in children’s lifestyle 
and health status. 
 
In conclusion, the present meta-analysis shows that school-based lifestyle interventions lead 
to favourable changes in BMI and BP and that such changes in BP may be induced beyond 
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changes in BMI. It also stresses the importance of evaluating effects on outcomes metabolic 
(e.g. glucose metabolism, lipid levels) risk factors, to enable a more comprehensive 
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A. PubMed  
(preliminary search) Strategy  
(#1 OR #2) AND #3 AND #4 AND #5  
#1  obesity /prevention and control OR overweight/prevention and control OR 
body mass index[tiab] OR waist circumference[tiab] OR overweight [tiab] OR 
body composition[tiab] OR obesity[tiab] OR adiposity[tiab]  
#2  diabetes OR glucose OR insulin OR blood pressure OR hypertension OR 
cardiovascular OR metabolic syndrome OR risk factor clustering OR clustered 
risk factors  
#3  school-based* OR school health services*  
#4  random*[tiab] OR randomized controlled trial  
#5  child* OR teenag* OR youth  
 
B. EMBASE (adapted search strategy)  
1. body mass index.mp,ti,ab.  
2. waist circumference.mp,ti,ab.  
3. overweight.mp,ti,ab.  
4. obesity.mp,ti,ab.  
5. body composition.mp,ti,ab.  
6. adiposity.mp,ti,ab.  
7. 1 or 2 or 3 or 4 or 5 or 6  
8. diabetes.mp.  
9. glucose.mp.  
10. insulin.mp.  
11. blood pressure.mp.  
12. hypertension.mp.  
13. cardiovascular.mp.  
14. metabolic syndrome.mp.  
15. risk factor clustering.mp.  
16. clustered risk factors.mp.  
17. 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16  
18. 7 or 17  
19. school-based$.mp.  
20. school health services$.mp.  
21. 19 or 20  
22. 18 and 21  
23. random$.ti,ab.  
24. randomized controlled trial.mp.  
25. 23 or 24  
26. 22 and 25  
27. child$.mp.  
28. teenag$.mp.  
29. youth.mp.  
30. 27 or 28 or 29  
31. 26 and 30  





1. body mass index:ti,ab,kw  
2. waist circumference:ti,ab,kw  
3. overweight:ti,ab,kw  
4. obesity:ti,ab,kw  
5. body composition:ti,ab,kw  
6. adiposity:ti,ab,kw  
7. 1 or 2 or 3 or 4 or 5 or 6  
8. diabetes  
9. glucose  
10. insulin  
11. blood pressure  
12. hypertension  
13. cardiovascular  
14. metabolic syndrome  
15. risk factor clustering  
16. clustered risk factors  
17. 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16  
18. 7 or 17 
19. school-based$  
20. School health services$  
21. 19 or 20 
22. 18 and 21 
23. random$:ti,ab,kw  
24. randomized controlled trial:pt  
25. 23 or 24  
26. 22 and 25  
27. child$  
28. teenag$  
29. youth  
30. 27 or 28 or 29 
31. 26 and 30 
Limit to trial 
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Appendix 3 
Tracking (correlation) coefficients used for the calculation of the sampling variances of the 
standardized mean changes (equation 4 in main paper) in body mass index (BMI), and 
systolic (SBP) and diastolic blood pressure (DBP), taking into account the children’s age and 


















Notes: BMI = body mass index; DBP = diastolic blood pressure; SBP = systolic blood pressure. 1 as retrieved from 
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Current guidelines for economic evaluations do not provide specific recommendations for 
the evaluation of school-based lifestyle interventions. This study examined and discussed the 
key aspects in the design of economic evaluations on school-based interventions targeting 
weight-related behaviours among 4-12 year olds. The PubMed and CRD databases (NHS 
EED) were searched. Grey literature was identified from reference lists and websites of 
relevant organizations. Full economic evaluations on school-based interventions targeting 
physical activity, sedentariness, or diet were selected. Key aspects included the objective, 
audience, intervention, comparator, population, type of analysis, perspective, costs, 
outcomes, and time horizon. Information was also extracted on measuring and valuing costs 
and outcomes, linking and extrapolating outcomes, and the maintenance of intervention 
effects. The 23 included studies reported on cost-effectiveness (CEAs) (N=12), cost-utility 
(CUAs) (N=9), social cost benefit (SCBA) (N=2), and social return on investment (SROI) 
(N=1) analysis. The usual practice comparator was generally not clearly defined. The SROI 
analysis was the single study that included outcomes in other persons than the child. 
Healthcare costs (N=14), productivity costs (N=4), and costs to the household (N=3), or 
education (N=2) sector were examined. The outcome in trial-based CEAs consisted of a 
variety of weight-related measures. Seven distinctive models were used to extrapolate health 
and/or productivity costs. To enhance the usefulness of economic evaluations on school-
based lifestyle interventions in allocating public health budgets, transparent reporting on key 
aspects, broadening the scope of economic evaluations, and standardizing the 
measurement, valuation, and extrapolation of costs and outcomes should be improved. 
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Background 
Physical activity, dietary, and sedentary behaviours are important determinants of 
overweight and obesity, and play a critical role in children’s physical,1,2 mental,3,4 and 
cognitive health.5 Numerous school-based interventions are being developed to prevent 
unhealthy weight-related behaviours and the negative consequences in childhood and in 
later life.6-11 However, limited financial resources are available for funding, so policymakers 
need to be able to select those interventions that offer value for money. Moreover, 
governments and local decision-makers are confronted with the question how much money 
should be allocated to prevention in youth which will come at the expense of other 
interventions. Economic evaluations are crucial for informing and supporting these decision-
making processes.  
 
Various guidelines have been developed to provide direction on the design of economic 
evaluations. For example, health economic guidelines provide recommendations on the 
various elements of an economic evaluation and the reporting of these aspects.12,13 Health 
economic guidelines are however focused on medical interventions in adult populations and 
are therefore not fully applicable for the economic evaluation of childhood lifestyle 
interventions. Another type of guidance are the guidelines on social cost-benefit analysis 
(SCBA).14-16 This type of analysis has originally been used by the public sector for studying 
environmental and infrastructural projects. So far, it remains unclear whether these 
guidelines are suitable for the evaluation of school-based lifestyle interventions. To design an 
economic evaluation, key aspects need to be defined, including the objective, audience, 
target population, and the intervention and comparator(s) that are being addressed. Other 
elements are the perspective, type of analysis, costs, outcomes, and time horizon of the 
economic evaluation.17,18 School-based lifestyle interventions are increasingly focused on 
the so-called whole-school approach, which is aimed at combining intervention components 
(e.g. education, policies, physical environment) and engaging with multiple stakeholders.10 
It is likely that these interventions affect a wide range of costs and outcomes, including those 
that fall beyond health. Moreover, these costs and outcomes are accrued by different 
stakeholders or sectors.19-24 It can therefore be challenging to define the scope and the key 
aspects of an economic evaluation. Previous studies have found that the designs of economic 
evaluations on childhood interventions differ, particularly with regard to the perspective and 
the included cost categories.25 The design of an economic evaluation is also determined by 
the measurement and valuation of costs and outcomes, the methods for linking intermediate 
outcomes, and the extrapolation of outcomes and intervention effects beyond the range of 
data. This can be difficult due to a lack of evidence on the decay of intervention effects 19 
and the issues related to measuring childhood outcomes such as health-related quality of life 
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(HR-QoL).20,24 The objective of this study is to examine the key aspects in the design of 
economic evaluations on school-based interventions targeting weight-related behaviours 
among 4-12 year olds, to discuss the main issues, and propose ways forward. 
Methods 
Search strategy 
A systematic literature review was employed to review peer-reviewed and grey literature 
reporting on economic evaluations of school-based lifestyle interventions. The reporting of 
this systematic review is based on the PRISMA guidelines.26 A review protocol does not exist. 
Following the recommendations by Alton et al. (2006) for retrieving economic evaluations, 
electronic searches were completed in MEDLINE (via PubMed) and National Health Service 
Economic Evaluations Database (NHS EED).27 The databases were searched from inception 
up to March 2017 (MEDLINE). The NHS EED was updated until 31st March 2015. 
Electronic searches were based on recommendations for preparing systematic literature 
reviews and developing search strategies.28,29 Search terms were related to school-aged 
children (population), health promotion and policy (intervention), and health economic 
evaluations (outcomes). Citation checking was carried out on the included studies, and hand 
searches were performed on the reference lists of included studies and previous 
reviews.19,20,25,30 Grey literature was searched by screening the reference lists, Google 
Scholar, and websites of the relevant organizations. Details of the search strings are 
provided in Table A1 (Appendix 1). 
Study selection 
Two reviewers independently screened titles and abstracts (MO and MJ). If information 
about eligibility criteria could not fully be obtained from the abstract the full-text was 
screened. Disagreements about study inclusion were resolved by discussion between the 
reviewers. Studies were eligible based on the following criteria: 
1. The study included the assessment of a school-based intervention. We defined a school-
based intervention as an intervention that is, solely or in addition to other settings, 
situated in the school setting. Studies were also included when the intervention was 
situated in the after-school setting (e.g. community, after-school care, home clubs) and 
children were recruited from schools.  
2. Participants were children between 4-12 years of age as this age range corresponds to 
the Dutch primary school setting. Studies were also eligible if the interventions targeted 
4-12 year olds, and younger or older children simultaneously. 
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3. The study was classified as a full economic evaluation, comparing two or more 
interventions in terms of both costs and effects. This included cost-effectiveness analyses 
(CEA), cost-utility analyses (CUA), cost-benefit analyses (CBA), and cost-minimization 
analyses (CMA), as well as societal cost-benefit analyses (SCBA) and societal return on 
investment analyses (SROI). 
4. Interventions had to target lifestyle behaviours of children. In this review we focused on 
physical activity (PA), dietary and sedentary behaviours. Together, these lifestyle 
behaviours play an important role in the development of overweight and obesity among 
children. 
Data extraction 
Data extraction was conducted by one reviewer (MO) and independently checked by a 
second (MJ). A standardized template was developed to guide data extraction. General 
study characteristics (authors, year of publication, country of study) were extracted. Key 
aspects were examined by extracting information on the objective, audience, intervention, 
comparator(s), target population, type of analysis, perspective, costs, outcomes, and time 
horizon.18 Interventions were described by the intervention components, objectives, setting, 
and intervention duration. Studies were classified as a CEA, CUA, CBA, CMA, SCBA, 
SROI, or any combination. In line with Drummond et al. (2015), cost consequences were 
categorized as healthcare costs, cost in other sectors, patient and family costs, and 
productivity costs.17 Costs in other sectors included costs to the education sector, household 
and leisure sector (informal care, social care, leisure time and voluntary work), and criminal 
justice system.31 Outcomes were categorized into 1) outcomes on PA, diet, and 
sedentariness; 2) weight-related outcomes (anthropometrics); 3) other health-related 
outcomes; 4) outcomes beyond health; and 5) spillovers to other persons than the child. 
Furthermore, data was extracted on measuring and valuing costs and outcomes, linking 
outcomes, extrapolating outcomes over time, and the maintenance of intervention effects.  
 
Because it is unclear whether the current guidelines for economic evaluations are fully 
applicable for school-based lifestyle interventions (see Introduction), we did not identify a 
‘quality standard’. For the identification of issues, we compared the key design aspects of 
the included studies to the recommendations that were given on these key aspects in both the 





The electronic searches generated 890 unique hits. Of these, 840 papers were excluded 
after title and abstract screening and an additional 32 papers were excluded after 
screening the full text. Papers were excluded (N=872) when they did not include a school-
based intervention (N=493), the intervention did not target children between 4-12 years of 
age (N=68), the study was not a full economic evaluation (N=165), or the intervention was 
not aimed at improving PA, dietary or sedentary behaviours (N=145). We excluded the 
paper of Haby et al. (2006) because more details regarding the economic evaluation of 
these interventions could be retrieved from other included papers (Moodie et al., 2009, 
2011, 2010, 2013).33-37 The remaining 18 papers were left for inclusion. In the search of 
the grey literature, one paper38 and four reports were eligible for inclusion.39-42 This resulted 





















Figure 1 Flow diagram. 
 Notes: PA=physical activity. 
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Key aspects 
The included studies assessed the cost-effectiveness of school-based lifestyle interventions 
aimed at obesity prevention (N=13; 57%), promoting PA or active transport (N=8; 35%), 
increasing fruit and vegetable intake (N=1; 4%), or embedding a good food culture in 
schools (N=1; 4%) (Table A2 and A.3). The audience of the studies consisted of policy or 
decision makers (N=10; 43%), developers of new programs (N=1, 4%), and the other half 
of the studies did not specify the audience that was to be informed (Table A2).  
Single (N=18; 78%) or multiple (N=5; 22%) school-based lifestyle interventions were 
compared to usual practice or no intervention, but the standard practices in the comparators 
were generally not clearly defined (Table A3). The population in the studies had an average 
age of nine years. In one study, the population consisted of multiple stakeholders (Table A4). 
Nine studies were trial-based and the remaining fourteen were model-based studies. Eight 
of the nine trial-based studies were CEAs and one was a SROI analysis. One trial-based 
study combined a CEA with a CBA. The fourteen model-based studies reported on CUAs 
(N=9; 64%), CEAs (N=3; 21%), and SCBAs (N=2; 14%). Five of the nine model-based 
CUAs were combined with a CEA or a CBA. Trial-based studies labelled the perspective as 
a societal perspective (N=6, 67%), programs perspective (N=1, 11%), or did not specify 
the perspective (N=2; 22%). Model-based studies reported to use a societal perspective 
(N=9; 64%), a ‘modified societal perspective’ (N=2; 14%), or a healthcare perspective 
(N=3; 21%) (Table A4). The trial-based studies had a time horizon of one (N=7; 78%), 
three (N=1; 11%), or four years (N=1; 11%), and the model-based studies used a 10-year 
(N=3; 21%), till age 65 (N=1; 7%), or a lifetime horizon (N=10; 71%). In all studies, the 
intervention costs included the recurring costs of intervention delivery and in a minority of 
studies the costs of intervention development (N=5; 22%), or evaluation (N=7; 30%) were 
added. Next to the intervention costs, one trial-based CEA included the costs of after-school 
care in the household sector. The SROI analysis also examined the productivity costs due to 
local employment, education costs, and costs in the household and leisure sector (Table A5). 
Model-based studies included the healthcare costs of obesity or related diseases in 
childhood (N=3; 21%), in adulthood (N=10; 71%), or in both childhood and adulthood 
(N=1; 7%). Four model-based studies additionally included the costs of after-school care to 
the household and leisure sector, education costs, or future productivity costs related to test 
scores or obesity. The outcomes in the trial-based CEAs were a variety of weight-related 
measures, while the model-based CEAs all used body mass index (BMI) as outcome (Table 
A6). The CUAs reported on the quality-adjusted life years (QALYs) (N=4) or disability-
adjusted life years (DALYs) (N=5) in adulthood. In the SROI and SCBAs, outcomes (e.g. 
health, education, productivity-related outcomes, outcomes to the household and leisure 
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sector, environmental impacts and externalities) were monetized and therefore included as 
costs.  
If included, the healthcare costs and after-school care costs in childhood, and the future 
healthcare costs and productivity costs in adulthood were based on national survey data or 
retrieved from the literature. In the SROI study, the impact on productivity costs, education 
costs, and household costs were measured with stakeholder interviews and monetized using 
various financial proxies (Table A5). The two SCBA studies used models to estimate 
productivity and education costs from test scores or obesity-related employment rates. In 
trial-based studies PA, dietary, and weight-related outcomes were measured with objective 
measurements (N=6, 67%), derived from literature reviews (N=2, 22%), or based on 
stakeholder interviews (N=1, 11%). The model-based studies used data from objective 
measurements of the corresponding trial (N=5, 36%), literature reviews (N=7, 50%), and 
surveys (N=2, 14%) to measure PA, diet, and weight-related outcomes. Nine CUAs 
obtained the preference-based HR-QoL inputs for adults from various published sources and 
instruments (national disability weights, Health Utility Index, EuroQol-5D, Nation Health 
Interview Survey data). One study measured and valued childhood HR-QoL with the parent-
version of the Health Utility Index and valuations from the general public, but the results 
were not used to calculate cost-utility. Five of the fourteen model-based studies linked PA 
related outcomes to changes in BMI. Four studies first linked PA and/or energy intake to the 
excess energy expenditure, and then to the changes in BMI by using energy expenditure 
models.57,58 In one study, the minutes in moderate to vigorous physical activity were directly 
linked to the changes in BMI with a regression model (Table A6). Seven distinctive methods 
were used in the model-based studies to extrapolate risk factors, being BMI, weight status, 
or fruit and vegetable intake, over the range of the data (Table A7 and Box A1). These risk 
factors were consequently linked to the incidence of chronic diseases, morbidity (QALYs or 
DALYs), mortality, and healthcare costs. Two models also estimated the future productivity 
costs. The two models that extrapolated BMI over the remaining lifetime were comparable in 
terms of the chronic diseases in the model and the age (20 to 25 years of age) at which 
relative risks started to increase (Box S1). The SROI analysis and five out of the fourteen 
model-based studies (36%) assumed a decay of intervention effects, varying from 1% decay 
starting at year five in the base-case analysis to a 75% decay in sensitivity analysis. All other 
studies assumed the intervention effect to be fully maintained for the time horizon of the 
study. An overview of the current practices is presented in Table 1. 
Main issues 
The limitations in the transparency of reporting was most striking for the audience, 
comparators, and the perspective of the study. Several studies did not report on the 
audience that was to be informed, and did not define the standard practices in the usual 
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comparator arm. Besides the societal and healthcare perspective, the perspective was 
sometimes labelled as a programs perspective or modified societal perspective. It remained 
unclear what was meant by these perspectives. 
 
The results also showed that the scope of studies varied considerably. The SCBAs and SROI 
included costs and outcomes beyond health (e.g. educational outcomes, wellbeing, labour 
market earnings) and costs and outcomes in other persons than the child (e.g. caregivers, 
school teaching staff, local suppliers), whereas these were often ignored in CUAs and CEAs 
(even if they mentioned the use of a societal perspective). 
Healthcare costs were restricted to childhood or adulthood, and CUAs were only focused 
on QALYs/DALYs in adulthood. The time horizon of model-based studies ranged from 
10 years to lifetime. The model-based studies that did not use a lifetime horizon might not 
have captured all relevant differences in costs and outcomes over time. 
 
Last, different methods were used to measure, value and extrapolate cost and outcomes. The 
outcome in trial-based CEAs consisted of a variety of weight-related measures, which 
provided incomparable results. The SROI applied various financial proxies to monetize non-
health outcomes, whereas the SCBAs made use of models for estimating the productivity and 
education costs associated with test scores. Several different models were used for 
extrapolating the impact on future health-related costs and outcomes, but few included the 
potential decay of intervention effects. 
 
Table 1 Current practices on key aspects. 
Key aspects Current practices N=23 
Objective Asses the cost-effectiveness of school-based interventions targeted at 
obesity prevention, PA, or nutrition. 
23 
Not specified  12 
Policy makers or decision makers 10 
Audience 
Developers of new programs 1 
Obesity prevention 13 
PA or active transport 8 
Intervention 
Nutrition 2 
Single interventions versus usual practice / no intervention 18 Comparators 
Multiple interventions versus usual practice / no intervention 5 
Child 22 Target population  
Multiple stakeholders 1 











Table 1. [continued] 
Key aspects Current practices N=23 
Societal perspective 6 
Not specified  2 
Trial-based 
Programs perspective 1 
Societal perspective 9 




“Modified societal perspective” 2 
Intervention costs 9 
Healthcare costs 0 
Patient & family costs 0 
Productivity costs 1 
Intersectoral costs  
Costs to the household  2 
Education costs 1 
Trial-based 
Other 1 
Intervention costs 14 
Healthcare costs 14 
Patient & family costs 0 
Productivity costs 3 
Intersectoral costs  





Education costs 1 
Weight-related measures (CEAs) 8 
Outcomes beyond health (school behaviour, wellbeing) (SROI) 1 
Trial-based 
Spillovers to others than the child (school staff, local community, carers) 
(SROI) 
1 
Adulthood DALYs (CUAs) 5 
Adulthood QALYs (CUAs) 4 




Monetization of outcomes (obesity, test-scores) (SCBAs) 2 
One year 7 
Three years 1 
Trial-based 
Four years 1 
Lifetime 10 




Till age 65 1 
National survey data or literature 20 
Monetizing outcomes with extrapolation models (e.g. labour market 
earnings associated with test scores) 
2 
Measuring and valuing costs b 
Monetizing outcomes with financial proxies 1 
Objective measurements 6 
Literature review 2 
Trial-based 
Stakeholder interviews 1 
Literature review 7 
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Table 1. [continued] 
Key aspects Current practices N=23 
No linking 18 
Linking PA to BMI with energy expenditure models 4 
Linking outcomes 
Linking MVPA minutes to BMI using regression models 1 
No extrapolation 9 
Assessing Cost-effectiveness (ACE) model 4 
Childhood Obesity Intervention Cost-Effectiveness Study (CHOICES) 
model 
3 
Chronic Disease Model (CDM), New Zealand approach 2 
Washington State Institute for Public Policy (WSIPP) benefit-cost model 2 
Extrapolating outcomes 
Other 3 
Modeling the decay of intervention effects 1 Trial-based 
No decay of intervention effects 8 




based No decay of intervention effects 9 
Notes: BMI = body mass index; CEA = cost-effectiveness analysis; CUA = cost-utility analysis; DALY = disability-
adjusted life year; MVPA = moderate to vigorous physical activity; PA= physical activity; QALY = quality-adjusted 
life year; SCBA = social cost-benefit analysis; SROI = social return on investment. a Types of costs and outcomes that 
were included in the economic evaluations; b Healthcare, patient & family, productivity, and intersectoral costs; c 
PA, diet, and weight-related outcomes. 
 
Discussion 
The aim of this review was to examine the key aspects in the design of economic evaluations 
on school-based interventions targeting weight-related behaviours among 4-12 year olds, 
and to discuss the main issues. With regard to the design aspects, the main issues pertained 
to the transparent reporting on key aspects (e.g. audience, standard practices in the usual 
comparator arms, labelling of the study perspective), the variation in the scope of the studies 
(e.g. costs and outcomes beyond health, outcomes in other persons than the child, costs and 
outcomes in childhood or adulthood), and the heterogeneity in the measurement, valuation, 
and extrapolation of costs and outcomes (e.g. little standardization in monetizing outcomes 
and handling the decay of intervention effects). 
Ways forwards 
With regard to reporting, more information should be provided on the audience (e.g. 
stakeholder views and relevance for stakeholders) and the comparators of the study to 
examine the appropriateness of the selected approaches and the generalizability of the 
results. Labels that are not commonly used in health economic evaluations, such as a 




Specific guidance concerning the scope of economic evaluations is warrant in order to 
broaden the focus of studies20,21,25,59 and best inform public health decision making. The 
adoption of a societal perspective is advised, which is also recommended by several health 
economic guidelines, because it supports the inclusion of all differences in costs and 
outcomes.60 Reasons for in- or excluding costs and outcomes should be mentioned as 
ignoring them may result in an inefficient allocation of resources.20 A smaller perspective is 
appropriate if it corresponds to the requirements of the decision maker but we suggest that 
this is then justified. For trial-based studies we suggest to perform a cost-consequence 
analysis (CCA) or social return on investment analysis (SROI). In a CCA all relevant costs 
and outcomes are presented in a disaggregated way, and it is stated which costs and 
outcomes could not be quantified.61 In this way, trial-based studies serve as a data 
collection vehicle for secondary research (e.g. reviews, meta-analyses, decision models) 
and it allows model-based studies to make comprehensive assessments on the intervention 
(long-term) cost-effectiveness. A SCBA is recommended for model-based studies because 
outcomes beyond health can be integrated in the evaluation, and results can be compared 
across studies, populations, and settings.62 A core outcome set would be helpful to identify 
potential costs and outcomes, and the double counting (e.g. include impacts in terms of both 
costs and effects). For model-based evaluations a lifetime horizon seems to be most 
appropriate because many health gains do not occur in childhood but appear later in life.63 
Full cost-effectiveness is thus only captured by examining the entire lifetime. Because gains 
accumulate over time, the costs and outcomes in both childhood and adulthood should be 
included. 
 
To enhance the comparability of cost-effectiveness results the methods for measuring, 
valuing, and extrapolating costs and outcomes should become more standardized. A core 
outcome set that provides guidance on how to measure and value outcomes would be 
helpful. In addition to the changes in behavioural outcomes, we advise to use at least BMI 
and/or BMI z-score as weight-related outcomes in trial-based studies. BMI and BMI z-
score are considered as more final outcome measures of interventions that are directed at 
weight-related behaviours. BMI and BMI z-score are also most suitable for use in health 
economic models to extrapolate trial findings and assess the intervention’s long-term cost-
effectiveness. Researchers should be aware that the distribution of outcomes may be highly 
relevant to decision-makers in order to examine whether health disparities (e.g. by socio-
economic status or ethnicity) can be reduced. The measurement of childhood costs and 
outcomes such as preference-based HR-QoL is an important issue for future research.24 The 
Washington State Institute for Public Policy (WSIPP) cost-benefit model is the most extensive 
model for extrapolating outcomes, because it allows for estimating the future benefits of both 
health outcomes and outcomes beyond health (e.g. extrapolating test scores to productivity). 
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The model should be adapted with national inputs if it is used for a different setting.64 Until 
evidence on the maintenance of intervention effects becomes available, we recommend to 
perform a sensitivity analysis for various decay rates. This is important as the assumptions on 
the maintenance of intervention effects have a major impact on the cost-effectiveness 
results.33 
 
It should also be noted that the main issues that were found in this study and the 
recommendations that were proposed also apply to interventions other than school-based 
lifestyle interventions. This is due to the fact that the challenges  in evaluating school-based 
lifestyle interventions have to do with the difficulties in evaluating childhood interventions 
(e.g. measuring outcomes in children, extrapolating outcomes beyond the duration of the 
trial) and the evaluation of preventive lifestyle interventions which are often located in the 
public domain (e.g. identifying costs and outcomes that go beyond health and occur in 
persons other than the child). 
Limitations 
Although Alton et al. (2006) concluded that a search in the PubMed and NHS EED 
databases is appropriate to capture economic evaluations, some studies may have been 
missed.27 However, our search strategy was intentionally broad, we searched for school-
based interventions by using the terms ‘intervention’ and ‘health promotion’ instead of more 
specific key words. Therefore, we are confident that the studies included are a good 
representation of economic evaluations in this field. 
Conclusion 
To enhance the usefulness of economic evaluations on school-based lifestyle interventions in 
allocating public health budgets, the reporting on key aspects should be improved, the 
scope of evaluations on childhood lifestyle interventions should be extended, and the 
standardization of methodologies should become a key area for further research. A core 
outcome set on the measurement and valuation of costs and outcomes, broad data 
collection vehicles such as CCA and SROI analysis, and lifetime model-based studies 
exploring the impact of the decay of intervention effects are therefore strongly 
recommended. To further standardise the design of economic evaluations in school-based 
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Appendix 1 
Details on modelling approaches 
1 Extrapolating BMI over ten years with the Childhood Obesity Intervention Cost-
Effectiveness Study (CHOICES) model or adapted CHOICES-model for the US 
population (Babey et al., 2014; Cradock et al., 2017; Gortmaker et al., 2015a). The 
CHOICES model was populated with height and weight data of adults, and parent-reported 
height and weight data of children and adolescents (Gortmaker et al., 2015a). In this 
model, cohort effects were calculated to reflect BMI levels between 2010 and 2030. Height 
and weight trajectories were calculated from multiple longitudinal cohort studies and were 
combined to model lifetime trajectories (Gortmaker et al., 2015a, 2015b). Individuals were 
classified by obesity status (non-obese or obese). It was assumed that diseases and their 
consequences on HR-QoL did not occur over the ten-year time period. The healthcare costs 
of obesity in childhood were included. 
 
2 Extrapolating obesity to 40 years of age with a lifetime obesity progression model 
for the US population (Brown et al., 2007). Weight status was extrapolated in three 
steps. The proportion of 40 year-olds being obese was calculated from the proportion of 
children being at risk or overweight at age 11, the probability of becoming obese at age 
21-29 conditional on weight status at age 11, and the probability of becoming obese age 
40 conditional on being weight status at age  21-29 (Brown et al., 2006). QALYs, 
healthcare costs, and productivity costs were related to being overweight or obese at 40-64 
years of age. 
 
3 Extrapolating obesity to 40 years of age with a longitudinal decision-analytic model 
for the US population (Graziose et al., 2017). Weight status was extrapolated in two 
steps. The proportion of 40 year-olds being obese was calculated from the proportion of 
children with a BMI ≥85th percentile at age 10, and the probability of becoming obese at 
age 40 conditional on weight status (BMI ≥85th percentile) at age 15. QALYs and 
healthcare costs of obesity were discounted to age 10 years.  
 
4 Extrapolating BMI over lifetime and modelling obesity-related diseases and 
mortality effects with the Assessing Cost-effectiveness model (ACE) for the Australian 
population (Moodie et al., 2011, 2009, 2013, 2010). The ACE model was populated 
with Australian-specific data on childhood BMI levels (Haby et al., 2006). By means of 
various cross-sectional studies, cohort and age effects were calculated. Cohort effects were 
added to baseline values to reflect actual BMI levels. Age effects were added to baseline 
Chapter 4 
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levels to extrapolate BMI over the remaining lifetime (in 5-year age increments). DALYs and 
healthcare costs were related to obesity-related diseases in adulthood. The relative risks for 
chronic diseases (e.g. ischaemic heart disease, ischaemic stroke, hypertensive heart disease, 
type 2 diabetes, osteoarthritis, endometrial cancer, colon cancer, post-menopausal breast 
cancer and kidney cancer) started to increase from 25 years of age.  
 
5 Extrapolating BMI over lifetime, modelling obesity-related diseases and mortality 
effects with the Chronic Disease Model (CDM) adapted for the New Zealand 
population (Mernagh et al., 2010; Rush et al., (2014). The CDM model was originally 
developed to model cost-effectiveness of health interventions for the Dutch population. Rush 
et al. (2014) and Mernagh et al. (2010) used New Zealand-specific data on BMI levels. It 
was assumed that individuals above 75 years had the same BMI levels as the cohort at 75 
years of age. Cohort effects were not applied (Mernagh et al., 2010). Individuals were 
classified by weight status (overweight, obese, and healthy). As New-Zealand specific 
incidence rates of chronic diseases and relative risks for overweight and obesity were not 
available, inputs for the Dutch population were used. QALYs and healthcare costs were 
related to obesity-related diseases in adulthood. The relative risks for chronic diseases (e.g. 
acute myocardial infarction, coronary heart disease, congestive heart failure, 
cerebrovascular disease, diabetes, hip and knee arthritis, dorsopathies, rectum, colon, 
breast, prostate, kidney, and endometrium cancer) started to increase from 20 years of age.  
 
6 Extrapolating fruit and vegetable intake over lifetime, modelling dietary-related 
diseases and mortality effects for the Dutch population (te Velde et al., 2011). To 
inform fruit and vegetable intake for the Dutch reference population, national food 
consumption data of 19 to 30 year olds were used. Mean intake levels in the intervention 
population were shifted upwards and extrapolated over the remaining lifetime by applying 
the same proportional increase. An intervention maintenance of 30 percent was applied. 
DALYs and healthcare costs were related to dietary-related diseases in adulthood. 
 
7 Modeling the benefits of obesity and test scores with the Washington State Institute 
for Public Policy (WSIPP) benefit-cost model (Washington State Institute for Public 
Policy, 2017a, 2017b). By means of the model various outcomes are monetized, 
including the benefits associated with the changes in test scores and obesity (Washington 
State Institute for Public Policy, 2017c). Obesity and test scores were extrapolated over 
time. The model estimates the related labour market earnings (e.g. from the changes in test 
scores, years of secondary education, graduation probability, rate of employment for 
obesity status), education costs, and healthcare costs. Trumping rules are applied to account 
for double counting. 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Correction to: A Cost Analysis of School-Based Lifestyle Interventions.  















Onno C.P. van Schayck 
Manuela A. Joore 





An uniform approach for costing primary school-based lifestyle interventions is currently 
lacking. The objective of this study was to develop a template for costing of primary school-
based lifestyle interventions, and apply this to the costing of the ‘Healthy Primary School of 
the Future’ (HPSF) and the ‘Physical Activity School’ (PAS), which aim to improve physical 
activity and dietary behaviours. 
 
Methods 
Cost-effectiveness studies were reviewed to identify the cost items. Societal costs were 
reflected by summing up the education, household and leisure, labour and social security, 
and health perspectives. Cost inputs for HPSF and PAS were obtained for the first year after 




From a societal perspective, the per child costs were €2.7 (HPSF) and €3.2 (PAS) per day 
during the first year after implementation, and €1.0 and €2.2 in a steady state, respectively 
(2016 prices). The highest costs were incurred by the education perspective (first year: €8.7 
[HPSF] and €4.0 [PAS]; steady state: €6.1 [HPSF] and €2.1 [PAS]), whereas most of the 
cost offsets were received by the household and leisure perspective (first year: €-6.0 [HPSF] 
and €-0.9 [PAS]; steady state: €-5.0 [HPSF] and €0.1 [PAS]). 
 
Conclusions 
The template proved helpful in calculating the costs of HPSF and PAS for various stakeholder 
perspectives. A societal investment is required for the delivery of HPSF and PAS. 
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Background 
It is increasingly being recognised that schools have a key role in the promotion of children’s 
health and wellbeing.1,2 A number of studies found that recent primary school-based lifestyle 
interventions are effective in normalizing children’s body mass index (BMI).3,4 Much less is 
known about the costs of these interventions.5 This study focuses on performing systematic 
and standardized cost calculations on school-based lifestyle interventions.  
A wide range of cost estimates have been published, ranging from €4 to €865 per child per 
year (adjusted for purchase power parity),6-10 which is likely due to the high variation in 
intervention components, set-up of interventions, and the heterogeneity in costing 
approaches. The heterogeneity in costing approaches is, amongst others, reflected by the 
various methods for identifying and selecting cost items. While the recurring resource use of 
intervention delivery is generally included in cost calculations, a minority of studies included 
development and evaluation costs, and consensus on this aspect seems to be lacking.11-13 In 
addition to the variability in costing methods, most studies provided little information on how 
resource consumption was identified, measured, and valued. For example, most studies 
listed the included cost categories but did not justify why cost categories were excluded 
(e.g., not applicable to the intervention, not in alignment with the perspective of the costing 
study). The lack of standardization and transparency makes it difficult to ascertain whether 
cost estimates are valid and reliable. Standardized and transparent cost calculations are of 
utmost importance to be able to perform cost comparisons between interventions, and to 
examine which interventions yield the best value in return for the required investments. The 
methodological quality of cost estimations is also key for implementation as underestimating 
the intervention costs will lead to implementation, but delivery will not be sustained when the 
costs are found to be higher than initially estimated. In contrast, overestimating the 
intervention costs may withhold children from receiving the benefits of effective interventions.  
Decision-makers in public health are interested in the social value of school interventions 
given the fact that most recent school-based lifestyle interventions are aimed at involving 
multiple stakeholders (e.g., schools, local government, sport clubs, caterers, child care 
organizations, health staff), and may affect outcomes in others than the child.14,15 
Additionally, interventions may not only impact on health outcomes, but may also improve 
wellbeing by creating positive school environments, and improve educational outcomes as a 
result of the associations with children’s health status.16 Most economic evaluations have 
examined the social value of school-based lifestyle interventions by adopting a societal 
perspective for the calculation of costs and outcomes. In a societal perspective, all the costs 
and outcomes that change as a result of the intervention are considered, regardless of who 
incurs them or in which sector they fall. A previous study has identified that the costs and 
outcomes of public health interventions may fall into the healthcare, education, labour and 
Chapter 5 
124 
social security, household and leisure, or safety and justice sector.17 To effectively inform 
decision-makers, it is important to perform cost calculations from a societal perspective and 
take account of the various sectors that are involved or affected by the delivery of school-
based lifestyle interventions. 
To determine their support to an intervention, stakeholders require information on the costs 
they will incur. So far, few studies distinguished different stakeholder perspectives, but doing 
so may be helpful to interpret whether the implementation of an intervention is economically 
feasible or whether a cost redistribution among stakeholder groups would facilitate 
implementation.12,18-20  
The objective of this study was to develop a template for the costing of primary school-based 
lifestyle interventions. The template should enable to perform cost calculations from various 
stakeholder perspectives and examine the impact of different scenarios, assumptions, or 
intervention adaptations. To illustrate the applicability of this framework, we calculated the costs 
of the “Healthy Primary School of the Future” (HPSF) and the “Physical Activity School” (PAS). 
Methods 
Firstly, we developed a template for the cost calculation of school-based lifestyle 
interventions. The template was then used for the cost calculation of HPSF and PAS by 
selecting the cost items that applied to both interventions and by measuring and valuing the 
selected cost items. 
Template for cost calculation 
The cost items of primary school-based lifestyle interventions were identified from published 
cost-effectiveness studies on these type of programs.21,22 Cost items reflected the incremental 
resource consumption relative to the regular education program. We focused on the 
recurrent activities for implementation, delivery, and evaluation. The one-time investments for 
intervention development and scientific evaluation fell beyond the scope of this study. It was 
aimed to include all cost items that reflected the social opportunity costs of an intervention. 
Social opportunity cost takes account of the actual payments and the economic costs. The 
economic costs represent the value of all resources that are not billed, but which are used for 
the intervention and are thus no longer available for other purposes (e.g. time investments of 
volunteers). Cost items could reflect a positive cost (cost increase compared to the regular 
education program) or a negative cost (cost saving compared to the regular education 
program). Cost items with a negative cost should be directly related to intervention delivery 
and not to the outcomes of school-based lifestyle interventions (e.g. provision of lunches at 
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school is a cost offset for the household). We refer to this type of cost as a delivery-related 
offset. In this study, we made a distinction between a societal perspective and various 
smaller perspectives, which contained of the healthcare, education, labour and social 
security, and the household and leisure perspective.17 Cost items were also classified on the 
basis of personnel and material costs. 
The HPSF and PAS interventions  
The HPSF and PAS interventions are being evaluated in a quasi-experimental study located 
in the southern region of the Netherlands. The interventions are delivered from October 
2015 onwards to children between 4 and 12 years of age.23 HPSF (2 schools) provide a 
daily health lunch and morning snack, which are prepared by catering personnel and 
beneficiaries of unemployment benefits as part of their reintegration to the labour market. 
The lunch consist of a variety of food products from which children can choose. Lunch is 
provided in the classroom or at a central location in the school and the lunch sessions are 
supervised by pedagogical staff and volunteers. Both HPSF and PAS (2 schools) offer 
additional sports, play, and creative activities for at least 4 days a week during the lunch 
break being set-up by cross-discipline coordinators. Pedagogical staff from childcare 
partners guide the activities and are assisted by volunteers.  
At HPSF, the lunch break is extended with approximately one hour to enable the provision of 
lunches and lunch break activities. Children therefore attend school to approximately 
15:30/15:45 instead of 15:00, and some of the lunch breaks involve an educational 
component to meet the education hour requirements. Schools are able to implement 
additional activities based on a list of relevant and evidence-based activities. In this study, 
we only focused on the compulsory changes and did not examine the cost of additional 
activities. The HPSF and PAS schools are compared to four control schools that maintain the 
regular school curriculum. Further details have been published elsewhere.23 
Cost analysis of HPSF and PAS 
We examined the incremental costs, which is defined as the additional costs of HPSF and 
PAS in comparison to the regular school curriculum. The annual social opportunity costs of 
HPSF and PAS interventions were calculated for the first year after implementation. Key 
stakeholders were consulted by means of semi-structured interviews to examine which of the 
cost items from the template applied to HPSF and PAS, and to complement the template.  
A calculation sheet was created to incorporate the cost items, volume, and unit prices. The 
inputs for volume and unit prices were obtained retrospectively from primary sources 
(budget information, accounting data, stakeholder interviews, curriculum information). 
Because the activities at HPSF and PAS were all provided in addition to the regular school 
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curriculum, the resource use at HPSF and PAS was examined, and the resource use in 
control schools was set to zero. Volumes were based on the average consumption at HPSF 
and PAS. For the unit prices, we used both primary data and secondary data sources, with 
the latter being used to obtain values for resources that were not directly billed (e.g. time 
investments of volunteers). Because the school hours at HPSF were extended with 
approximately half an hour for 4 days a week, it was assumed that the primary caregiver of 
the child would spend less time on providing after-school care (reduction in caregiver time). 
We included the value of this time offset, because the primary caregiver could use this time 
offset for work or leisure activities. For the calculations, we assumed that the average family 
size amounted to two children per household. Beneficiaries of unemployment benefits were 
employed to help at HPSF with preparing the school lunches. This resulted in a saving for the 
household sector due to the difference between salary and unemployment benefits for 
beneficiaries. In addition, employing beneficiaries resulted in a cost offset for the social 
security sector due to the savings from unemployment benefits and earnings from income 
taxes. A gross approach to costing was used by first measuring and valuing costs at the level 
of the school and then disaggregating costs to the level of the child. The costs per child were 
calculated by dividing the total costs by the average number of children per school, because 
the interventions were provided at the school-level, and children were equally exposed to 
the interventions. All costs are expressed in 2016 euros. Costs were also converted to 
American dollars using the purchase power parity (PPP 2016, US$ 1 = €0.82).24 Given the 
one-year time horizon discounting was not applied.  
Scenario analyses 
While the initial delivery of school-based lifestyle interventions takes place during a research 
period, interventions are only embedded after research has ended. Until interventions 
become embedded into the school setting, learning-curve effects and efficiency 
improvements may occur, because more experience of obtained with the delivery of 
interventions (e.g. some activities may take less time). If interventions are sustained, they 
become to rely on more structural sources of funding. For this reason, it is interesting to 
examine whether organizational improvements are feasible (without compromising the 
intervention’s relative effectiveness) in order to increase funding opportunities. In the first 
scenario analysis, the costs of HPSF and PAS were explored for a hypothetical steady state. 
The steady state reflected a hypothetical situation in which the HPSF and PAS interventions 
are delivered at their full capacity, and learning curves and efficiency improvements were 
no longer applicable. Because a steady state was not yet reached, stakeholders were 
consulted to define the expected learning curves and efficiency improvements. 
Potential areas for cost reduction were examined with a pedagogical staff scenario and an 
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efficiency scenario. In the pedagogical staff scenario, it was assumed that lunch breaks and 
activities were guided by teaching assistants instead of pedagogical staff from external 
childcare partners. The efficiency scenario was constructed based on the views of 
stakeholders about the potential areas for further cost reductions. Stakeholders reported that 
potential cost reductions could be achieved by decreasing the time investments of external 
parties providing workshops (not considered as an essential intervention component) and 
volunteers (no volunteers in upper grades), and by reducing the costs of transport (cost 
reduction of 50% in the first year after implementation given the limited use of available 
budgets during the first year).  
Furthermore, scenario analyses may be performed when parameters are uncertain. In the 
extended school day scenario, we relaxed the assumption that the additional school hours 
at HPSF resulted in a cost offset due to the time being freed up for primary caregivers. In the 
extended school day scenario, we did not apply a cost offset as it was assumed that the 
extended school day at HPSF also caused utility losses as primary caregivers might derive 
utility from being able to provide after-school care. 
Sensitivity analyses 
Sensitivity analysis were conducted for the first year after implementation and for the 
hypothetical steady state. The main input parameters were varied to examine whether the 
per child costs were influenced by changes in resource consumption and unit prices. Input 
parameters were varied with ±50 percent because volumes and unit prices were not 
empirically measured and the uncertainty around the parameters was therefore unknown. 
Results 
In this study, we developed a template to support cost calculations for lifestyle interventions 
in the primary school setting and illustrated its applicability.  
Template for cost calculation 
Personnel costs contained the time investments of stakeholders that were compensated (e.g. 
salary, financial contribution) or not compensated. School personnel may invest time in the 
local planning, coordination, training (and substituting teachers during the training of 
personnel), delivery, and evaluation of interventions. The time investments of volunteers and 
primary caregivers belonged to the household sector. Negative costs may come into play 
when the school day is extended or when interventions are offered during the after-school 
hours, which results in time being freed-up for the primary caregiver of the child (reduction in 
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caregiver time). Personnel costs may apply to multiple stakeholder perspectives. This occurs 
when stakeholders outside the education sector receive subsidies or financial contributions to 
compensate their time investments (e.g. time investments of volunteers are costs to the 
household sector and the financial compensation is a cost to the education sector). To avoid 
double counting when calculating the costs over multiple perspectives, it is important to only 
count the net costs for each stakeholder, being the value of time investments minus the 
received financial contributions. Overheads were not included in the framework as the 
proportion of overheads may vary between settings and stakeholder perspectives. However, 
it should be noted that taking account of overheads is highly relevant for the costing of 
interventions. An overview of the cost items of primary school-based lifestyle interventions is 
presented in Table 1. 
 
Table 1. Cost items of primary school-based lifestyle interventions. 
Cost item  Stakeholder perspective 





Personnel C     
School personnel X    
Program coordinator X    
School project leader X    
Teacher X    
Teaching assistant X    
Volunteers, carers, and beneficiaries from the 
household sector 
X XA XA  
External parties from the leisure sector X XA   
Personnel from the local government  
(e.g. cross-discipline coordinators) 
X  XA  
Personnel from the labour sector (e.g. pedagogical 
staff from childcare partners, catering personnel) 
X  XA  
Health staff (e.g. local health department) X   XA 
Materials     
Transport X    
Accommodations X    
Food X XB   
Curriculum materials X    
Monitoring equipment X    
Advertising and promotion X    
Accreditation and certification X    
Training materials for personnel X    
Communication and administration X    
Notes: A There is a potential overlap in costs (see main text). To avoid double counting with the costs in the 
education sector, it is important to only count the net costs for each stakeholder, being the value of time investments 
minus the received financial contributions; B Food costs are a positive cost to the education sector and a negative 
cost to the household sector and do not indicate an overlap in costs; C Stakeholders may invest time for the local 
planning, coordination, training (and substituting teachers during the training of personnel), delivery, and recurrent 
evaluation. Furthermore, a per child fee may be required to compensate for the time investments of stakeholders. 
When beneficiaries of unemployment benefits are employed, this may lead to offsets in the household sector and in 
the social security sector (see main text). 
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Cost analysis of HPSF and PAS 
From a societal perspective, the per child costs amounted to €2.7/day for HPSF and to 
€3.2/day for PAS during the first year after implementation (Table 2). Because the fee for 
supervision during the lunch break (€1/child/day) was not charged in the first year after 
implementation, an additional cost reduction or financial contribution of €1.7/day and 
€2.2/day (first year) are required to make HPSF and PAS cost-saving from a societal 
perspective. The highest costs were incurred by the education perspective (€8.7 [HPSF] and 
€4.0 [PAS] per day), whereas most of the cost reductions were received by the household 
and leisure perspective (€-6.0 [HPSF] and €-0.9 [PAS]). Given the education perspective, 
the personnel costs (HPSF, 69%; PAS, 94%) made up the largest proportion of the costs for 
HPSF and PAS.  
Scenario analysis 
With the steady state assumptions such as the reductions in time investments of coordinators 
and the unit costs of lunches (Table 3, results expressed in American dollars are available 
online), the per child costs amounted to €1.0/day for HPSF and to €2.2/day for PAS. The 
costs for the education sector were €6.1 for HPSF and €2.1 /child/day for PAS in the 
steady state. For HPSF, these were almost fully compensated by the savings in the household 
and leisure sector (€-5.0). The HPSF intervention could become cost-saving from a societal 
perspective when the unit costs of lunches do not exceed the cost threshold of €1.0 per child 
per day, or when the costs of pedagogical staff decreases by 70%. The pedagogical staff 
scenario led to the highest cost reductions (to €-0.6 [HPSF] and €1.9 [PAS] in the first year 
after implementation) (Table 4, results expressed in American dollars are available online). 
Further research should be performed to assess whether these scenarios result in cost 
reductions without compromising the intervention’s relative effectiveness. The extended 
school day scenario drives up the societal per child costs of HPSF from €2.7 per day to €6.2 
(HPSF) in the first year after implementation. 
Sensitivity analysis 
Figure 1 and 2 show how the per child costs vary with the upper and lower bounds on the 
key inputs. The time investments on after-school care in the household, the costs of 
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Table 4 Scenario analysis (per child societal costs). 




Base-case  HPSF: €429 (€2.7/day) 




A situation that occurs on the long run, 
when interventions are delivered at their 
full capacity and learning curves, and 
efficiency improvements do not longer 
occur. Assumptions were defined by 
stakeholders. 




2.2 Pedagogical staff 
scenario 
A scenario analysis to examine areas 
for further cost reductions. Lunch breaks 
and activities were guided by teaching 
assistants instead of pedagogical staff 
from external childcare partners. 
HPSF: €−95 
(€−0.6/day) 






2.3 Efficiency scenario Views of stakeholders about the 
potential areas 
for further cost reductions 
HPSF: €353 (€2.2/day)  







A scenario analysis to examine the 
uncertainty about the 
cost item. It was assumed that the time 
offset for the 
primary caregiver due to the extended 
school day (saving) was fully 
compensated by the utility loss from 
being able to provide after-school care. 
HPSF: €991 (€6.2/day) HPSF: €715 
(€4.5/day) 


























































































































































































































































The objective of this study was to develop a template for the costing of primary school-based 
lifestyle interventions in order to improve the quality and comparability of cost calculations. 
The framework listed the cost items of primary school-based lifestyle interventions and 
distinguished between the education, household and leisure, labor and social security, and 
health perspective. The framework proved useful for calculating the costs of HPSF and PAS: 
It helped to systematically identify the cost items, distinguish between stakeholder 
perspectives, and avoid the double counting of cost items. The societal costs were estimated 
at €2.7 and €3.2 per day in the first year after implementation and at €1.0 (HPSF) and 
€2.2 (PAS) for a hypothetical steady state, respectively.  
Cost estimates are dependent on the methodological approaches and assumptions that are 
being used for making cost calculations. For example, we included delivery-related offsets 
as they may affect the opportunity costs to stakeholders. The impact of the extended school 
hours was included, assuming that the time freed up for the primary caregiver led to 
productivity gains. Previous cost-effectiveness studies on after-school interventions also 
accounted for the cost offsets on after-school care.7,25 However, this approach can be 
debated as it only incorporates the costs of after-school care. Providing after-school care 
may also lead to gains in utility or wellbeing in primary caregivers.26 Combining these utility 
losses with the productivity gains would result in a lower cost offset. In addition, time offsets 
may not fully be translated in productivity gains. The scenario analysis showed that the 
offsets of the extended school day were of major influence on the intervention costs. Future 
research on the value of after-school care is warranted to be able to generate cost estimates 
that reflect true social opportunity costs.  
Assumptions can also apply to the context of the cost analysis. Cost calculations are often 
made for interventions in a steady state, meaning that the intervention is implemented at its 
full effectiveness potential. These cost estimates can be used in economic evaluations to 
examine the full cost-effectiveness potential of interventions. On the other hand, estimating 
the intervention costs with the associated learning curves may be more relevant to inform 
implementation processes. Given the time and resource consuming processes for assessing 
learning curves, several studies assumed that interventions operated at steady state 
conditions by excluding the one-off costs for start-up.18,20,27 The resulting estimates do not 
take account of the potential learning effects and cost efficiencies (e.g., changes in time 
investments, improved capacity utilization, reduction in unit costs) that may occur over 
time.28 In this study, stakeholders were consulted to define the expected learning curves and 
efficiency improvements. With both approaches (e.g., only excluding one-off costs versus 
defining a hypothetical steady state), the interventions costs may be underestimated or 
overestimated.  
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The intervention costs should be monitored to examine whether the approaches can be used 
to produce accurate cost estimates. 
The costs of HPSF and PAS were estimated for various perspectives in order to examine the 
cost distribution among stakeholders groups. The results showed large unbalances between 
the costs for education sector and the household sector (e.g., education perspective, 
€8.7/day; household perspective, €−6.0/day (HPSF, first year)). In the Netherlands, the 
costs of the usual education program amounts to €32, per child per day (updated to 2016 
prices).29 The delivery of HPSF (incremental cost, €8.7/child/day) and PAS (incremental 
cost, €4.0/child/day) is associated with a 27% and 13% increase in the daily educational 
expenses, respectively. These results indicate that cost redistributions among stakeholder 
groups might be required to facilitate and support the implementation of the interventions. 
For example, it can be argued that a per child fee may be charged to primary caregivers 
who can afford it, as the societal costs of €2.7 (HPSF first year after implementation) are 
lower than the total of the general per child fees for supervision during the lunch break 
(€1/child/day) and the household expenses that are usually required for lunches and 
morning snacks for children in the regular school curriculum (€1.8/child/day).30 
In addition to the offsets of the extended school day, the sensitivity analysis showed that 
personnel costs had a major influence on the costs of the HPSF and PAS interventions. In 
several countries, primary education, childcare, and after- school care are becoming more 
integrated with each other.31 A close collaboration between multiple professionals and a 
redistribution of their tasks (e.g., supervision during lunch break, assisting in the classroom, 
providing after-school care) may possibly lead the way to obtain further cost reductions and 
facilitate the implementation of lifestyle interventions in primary schools. In addition to the 
costing study, the relative effectiveness of both interventions on outcomes including health, 
wellbeing, and educational outcomes will be evaluated to examine whether the additional 
costs of HPSF and PAS represent value for money when compared to the regular school 
curriculum. 
Conclusion 
The template proved helpful in calculating the costs of school-based lifestyle interventions 
and distinguishing between various stakeholder perspectives. The education sector incurred 
the highest per child costs, which were almost fully compensated by the savings in the 
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This study examines the social return on investment (SROI) of the ‘Healthy Primary School of 
the Future’ initiative after 2 years. 
 
Methods 
Healthy Primary Schools of the Future (HPSF) provide a healthy lunch and daily structured 
physical activity sessions, whereas Physical Activity Schools (PAS) focus on physical activity 
only. We evaluated the 2-year investments and effects (N=1676 children) of both school 
environments (4 schools) compared to control schools (4 schools). Investments and 
outcomes were grouped within the healthcare, education, household & leisure, and labour 
& social security sector. Outcomes that could be expressed in monetary terms were used for 
the calculation of social return on investment. 
 
Results 
HPSF and PAS created outcomes for the healthcare sector by favorable changes in health 
behaviors, body mass index [both significant], and medical resource use [not significant]. 
Outcomes for the education sector included a favorable impact on perceived social 
behaviors and school satisfaction, and absenteeism from school [latter not significant], and 
more engagement with the community was experienced. The per child investments, €859 
(HPSF) and €1017 (PAS), generated a benefit of €8 (HPSF) and €49 (PAS) due to reduced 
school absenteeism and medical resource use.  
 
Conclusions 
Within two years of intervention implementation, the HPSF initiative created outcomes in 
several sectors, but the benefits did not outweigh the investments. Follow-up assessments as 
well as modeling long-term outcomes are needed to assess the total value of the 
interventions. Until then, the SROI framework can inform strategies for obtaining stakeholder 
support and intervention implementation. 
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1. Introduction 
The environment in which today’s children are growing up is characterized by many 
opportunities for unhealthy dietary intake and few facilities for physical activity.1,2 Adverse 
consequences such as overweight and obesity have been steadily increasing over the last 
decades. In 2009, 13-15 percent of Dutch boys and girls aged 2-21 years were 
overweight compared to 5-7 percent in 1980.3 As a response to this growing public health 
concern, the Healthy Primary School of the Future initiative was developed.4 Key elements of 
this initiative are the provision of a daily healthy lunch and structured physical activity 
sessions, which are innovative elements within the Dutch primary school setting 
(corresponding to 4-12 years of age). The HPSF initiative consists of a full intervention, 
named the ‘Healthy Primary Schools of the Future’ (HPSF), and a partial intervention, 
referred to as ‘Physical Activity Schools’ (PAS). Within two years of intervention, Bartelink et 
al. (2019) found that HPSF was effective in increasing healthy dietary behaviors and 
physical activity.5 Both HPSF and PAS were also effective in lowering children’s body mass 
index (BMI) z-scores (BMI adjusted for age and sex).6 
 
Cost-effectiveness studies aim to inform implementation and funding decisions. Ideally, the 
time over which costs and outcomes of childhood programs are evaluated should go 
beyond childhood, because the impact of weight reductions on chronic diseases, health-
related quality of life (HRQOL), and costs do not fully occur within childhood. Evaluations of 
short-term cost and effects are, however, more in line with the time horizons that policy 
makers tend to work with (usually 3-5 years)7,8 and provide information for decision-making 
on the implementation, continuation, and scaling-up of interventions. 
 
In the current study, we use the social return on investment (SROI) framework for examining 
the investments, outcomes, and societal value of HPSF and PAS. The SROI framework aims 
to examine all outcomes of a program (no matter who incurs them). To aggregate 
investments and outcomes and calculate return on investment or cost-effectiveness, outcomes 
are assigned to a monetary value (financial benefits) and are divided by the investments. 
This calculation (SROI calculation) results in an estimate on the amount of benefits returned 
for every euro spent.9,10 The SROI framework also recognizes that not all outcomes can be 
assigned to a monetary value (and can be expressed quantitatively). Outcomes that cannot 
be expressed in monetary terms are included in a SROI story, which articulates the non-
monetary value. The objective of this study is to examine the short-term SROI generated by 




A quasi-experimental study, which started in 2015 in the south of the Netherlands, 
evaluates the effects of two ‘Healthy Primary Schools of the Future’ (HPSF) and two ‘Physical 
Activity Schools’ (PAS) compared to four control schools who maintained the usual school 
curriculum. No randomization was applied because voluntary participation was key to the 
intervention implementation. A healthy morning snack and daily healthy lunches were 
provided (at HPSF only) in combination with structured physical activity sessions including 
structured sports activities, free play, and creative activities. At HPSF, the lunch break was 
prolonged to about one hour, which led to an extension of the school day with 
approximately 30 minutes (some lunch breaks involved an educational component to meet 
the education hour requirements). Children and their parents were invited to participate in 
data collection at baseline (no blinding), and could join at all measurement waves as 
children continuously leave and enter primary school (dynamic cohort design). Further 
details on the interventions and data collection procedures have been published 
elsewhere.4,11 
A SROI analysis was performed by taking five steps, according to the methods of Nicholls et 
al. (2012): 1) defining the scope and identifying key stakeholders; 2) identifying investments 
and outcomes; 3) evidencing outcomes; 4) establishing impact, and 5) assessing the 
SROI.12 
2.1 Step 1: Scope and key stakeholders 
Whilst the quasi-experimental study examines the effects of HPSF and PAS for a period of 4 
years (baseline: school year 2015/2016, year 4: 2019/2020), the current study focuses 
on the impact after two years (baseline: school year 2015/2016, year 1: 2016/2017, 
year 2: 2017/2018). Several stakeholders contributed to the delivery of HPSF and PAS, 
and may be directly or indirectly affected by the interventions. Stakeholders were grouped 
within the healthcare, education, household & leisure, and labour & social security sector 
(Figure 1: box H, box E, box HL, and box L, respectively). 



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2.2 Step 2 and 3: Identifying investments & outcomes and evidencing 
outcomes 
2.2.1 Investments 
In a previous study, we made an overview of the activities provided at HPSF and PAS in 
comparison to the regular school curriculum, and the corresponding investment costs.13 The 
cost analysis also revealed cost offsets: children’s lunches were provided at school and led 
to a cost offset within the household, and the extended school day at HPSF provided 
caregivers with additional time (productivity cost) that could be spent on paid or unpaid 
work. These cost offsets were deducted from the investments to calculate the net investments. 
For more details on the cost calculation see Appendix 2. 
2.2.2 Qualitative outcomes 
Semi-structured interviews with stakeholders were held at the end of the second year about 
the implementation and perceived changes.11 School coordinators (N=4), coordinators of 
the pedagogical employees (N=4), school health promoters from the regional Public Health 
Services (N=4), and the project coordinator (N=1) were interviewed (Figure 1 and 
Appendix 3). More information can be found in the paper written by Bartelink et al. 
(2019).14  
2.2.3 Quantitative outcomes 
The selection of quantitative outcomes was made by the interdisciplinary scientific project 
group, and presented in an impact inventory (Figure 1).4 Quantitative outcomes were 
measured annually (T0: 2015, T1: 2016, T2: 2017) and covered height and weight 
measurements, child questionnaires, and parental questionnaires. School records contained 
information on absenteeism from school. Routine school satisfaction surveys were 
administered among caregivers and children between 2016 and 2018. In the current study, 
we included children that were enrolled at the participating schools and exposed to the 
interventions from baseline onwards. Children in grade 8 at baseline were excluded as no 
follow-up measurements could be obtained. We also excluded the children that switched 
between schools between 2015 and 2017. Benefits were calculated by multiplying the 
outcomes over 2 years (measured in volumes/quantity) by the unit cost for that outcome. 
Benefits were assessed at the group level in order to calculate an average per child benefit. 
Standardized prices from national costing guidelines were used for outcomes that were 
financial in nature (medical resource use, productivity),15 and published proxy values were 
applied for other outcomes (QALY and school absenteeism) (Table A3.1).16,17 The outcome 
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measurement and valuation, and the selection of the study sample (N=1676) are further 
described in Appendix 3. 
2.3 Step 4: Establishing impact 
This step is used to estimate what proportion of the outcome can be isolated as being added 
by the intervention. In the current study, the quasi-experimental design with a control group 
and 2-year time frame was used to account for this element. 
2.4 Step 5: SROI assessment 
The SROI calculation included the outcomes on children’s HRQOL, medical resource use 
(Figure 1: H3 and H4), and school absenteeism (Figure 1: E3). The outcomes for medical 
resource use and absenteeism, which represented a cost, were rescaled so that all outcomes 
would indicate a benefit. Benefits were calculated as the sum of outcomes over year 1 and 
year 2. Firstly, the per child benefits were aggregated within each sector, and were then 
summed up across the sectors (within-dimension approach).18 An annual discount rate of 
2.5 percent was used for investments and benefits to account for the differences in the time at 
which investments and outcomes occur.16 The reasons for in/excluding outcomes from the 
SROI calculation, and the calculation of benefits are further detailed in Appendix 4. 
2.5 Statistical analysis 
Descriptive statistics were used to explore baseline sociodemographic and outcome 
variables. Multiple imputation was used to account for possible selective non-response 
(missing at random assumption) and to use all available data (see Appendix 4 for details on 
the handling of missing data). Imputations were generated with the MICE package in R using 
50 imputed datasets with 20 iterations (for details see Appendix 4) using predictive mean 
matching. The mean differences in the per child benefits over year 1 and year 2 were 
examined with a generalized linear model with a Gamma distribution and a log link function 
to account for the zero values and skewness of the data. The analyses were adjusted for sex, 
study year at baseline, socioeconomic status (SES), ethnicity, baseline BMI z-scores (BMI 
adjusted for age and sex), and baseline outcome scores to account for imbalances in 
covariates (Appendix 4). The social return on investment was calculated as the ratio of 
benefits to net investments. Additionally, the incremental net monetary benefit was calculated 
as the difference in benefits (for HPSF and PAS versus control schools) minus the difference in 
net investments. All statistical analyses were performed in IBM SPSS Statistics for Windows 
version 23 (Armonk, NY: IBM Corp) and R version 3.5.1. 
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2.6 Scenario and sensitivity analysis 
Scenario analyses were performed to analyse the SROI of HPSF and PAS for specific 
situations. For details and reasoning behind the scenario analyses we refer to Appendix 5. 
1) Lower investments at HPSF for pedagogical staff (8 instead of 12 pedagogical workers) 
based on changes in the way activities are organized. 2) Lower investments for HPSF and 
PAS that are expected to occur on the long-term (so-called steady state).13  3) Excluding 
children in grade 7 at baseline who are leaving school after the eighth grade and missed the 
two-year follow-up measurement. Sensitivity analyses were conducted to see how the results 
would change under different assumptions: 1) Including spillover effects on caregiver’s 
HRQOL and productivity (paid work) (Figure 1: H6, HL4). 2) No offsets due to the extended 
school day at HPSF in the calculation of the net investment for HPSF. 3 & 4) Willingness to 
pay (WTP) thresholds of €20,000 and €50,000 per QALY gained instead of €36,000 per 
QALY gained. 5) No discounting of benefits and investments instead of an annual discount 
rate of 2.5%. 6) A complete case analysis (non-imputed outcomes). For details on the 
sensitivity analyses see also Appendix 5. 
3. Results 
At baseline (T0), N=1,403, 60.3% children and their parents joined the study. For the 
current study, N=1,676 children and their parents were included based on the selection of 
school years and school switchers excluded (See Appendix 1 for the flow diagram).6 
Children from control schools had higher BMI z-scores (0,232 vs. 0,051 at HPSF and 
0,092 at PAS) and chronic diseases were more prevalent (36% versus 30% at HPSF and 
PAS) (Table 1).  
3.1 Investments 
For the first year of implementation, the total investments amounted to €1,448 per child for 
HPSF and €665 per child for PAS. The offsets for HPSF included the forgone household 
expenses on children’s lunches as they were provided by the schools, the value of the 
extended school day in terms of parental productivity, and the forgone household expenses 
on the fee for the lunch break (used for supervision during the lunch break) which was not 
applied (total €-1,019 per child). The net investment costs of HPSF were €429 per child for 
the first year of intervention implementation (€2.68 per child per day) (not discounted). The 
offsets for PAS only included the forgone household expenses on the fee for the lunch break 
(the offsets for the lunch and the prolonged school day were not applicable for PAS), and 
the net investment amounted to €505 per child for the first year (€3.16 per child per day) 
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(not discounted).19 In the second year, the costs for transport and accommodations were not 
incurred, which resulted in a net investment of €399 (HPSF) and €475 (PAS) per child (not 
discounted). The net investment for year 1 and year 2 together were €828 per child for 
HPSF (€2.59 per child per day) and €980 for PAS (€3.06 per child per day) (discounted 
results: €859 per child year and €2.69 per child per day for HPSF, and €1,017 per child 
year and €3.18 per child per day for PAS). 
3.2 SROI story (non-monetized outcomes) 
3.2.1 Child outcomes 
Healthcare. Bartelink et al. (2019) previously reported that water consumption, the intake 
of different food types during the lunch, and time spent in light physical activity had 
increased more at HPSF compared to control schools.5 Several participants on the interviews 
reported that dietary behaviours of children at HPSF became more diverse, and children 
were more willing to taste unfamiliar products (Figure 1: H1).14 Standardized BMI scores 
had decreased more in children at HPSF compared to children at PAS and control schools, 
and for children at PAS in comparison to children at control schools (Figure 1: H2).6 
Education. From the interviews with stakeholders it emerged that children were less bored 
during recess time and fewer conflicts happened at the schoolyard and in the classroom 
(Figure 1: E1).14 The school satisfaction surveys showed that children were satisfied with the 
lunch (60-83% at the two HPSF schools), and with the PA sessions at HPSF and PAS (75-
93%). Nearly half of the children at HPSF enjoyed the school day more (39-50%) 
compared to the pre-intervention period, compared to 46-57% of children at PAS (Figure 1: 
E4).  
Intangibles. Regarding non-cognitive skills, the interview respondents noticed that children 
learnt from the offered games as children were better able to create and manage their own 
activities during recess time (Figure 1: I1). No significant differences were found between 
groups for children’s self-efficacy scores (adjusted mean differences HPSF vs. control: -0.48 
[95% CI:-1.38;0.42] PAS vs. control: 0.30 [95% CI: -0.60;1.19]). Self-reported 
psychosocial health (Figure 1: I2), measured with the Pediatric Quality of Life (PedsQL) 
instrument, decreased somewhat from baseline to year 2 (no statistically significant 
differences between groups). This was, however, not observed for parent-reports about 
children’s psychosocial health (Appendix 6). 
3.2.2 Outcomes in other persons than the child 
Healthcare. Some teacher and parental practices (discussing and educating about nutrition 
and PA) changed in a favourable direction (Figure 1: H5).14 
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Education. Caregivers were generally satisfied with the organization (67-74%) and the 
content of the lunch (70-76%) at HPSF, and with the structured sports activities, free play, 
and creative activities at HPSF and PAS (50-79%). The majority would recommend HPSF to 
other caregivers (64-76%) (Figure 1: E5). 
Intangibles. No significant changes over time were found between groups for parental 
wellbeing (adjusted mean differences HPSF vs. control: 0.28 [95% CI: -0.37;0.93], PAS vs. 
control: 0.08 [95% CI:-0.61;0.76]) (Figure 1: I3). 
Household & leisure. Organizations for sport and leisure were invited to provide 
workshops. Activities did not only take place at school, but the school gym and the green 
area around the school were also used for free play and games (Figure 1: HL3). At year 2, 
12-18 percent of the respondents on the parental questionnaire reported that their own 
working hours and/or the working hours of their partner changed as a result of HPSF and 
PAS, varying from minor to a lot of influence. 
Labour & social security. No statistically significant differences were found for parental 
absenteeism from work or education (Appendix 6) (Figure 1: L2). As the results were based 
on only few cases (known for <10% of the analyzed study participants) the benefits could 
not be reliably estimated, we refrained from including this benefit in the calculation of social 
return on investment. 
3.3 SROI calculation (monetized outcomes) 
No statistically significant differences were found between groups for the number of QALYs 
accrued by children and for children’s medical resource use within the two-years of follow-
up (Figure 1: H3 & H4). No statistically significant differences were found for health-related 
and non-health related absenteeism (Figure 1: E3). Because absenteeism represents a cost, 
absenteeism days were represented as a negative benefit. The monetary value (per child per 
2 years) for health-related absenteeism amounted to €-309 (PAS) and €-352 (HPSF) versus 
€-338 (control schools), and were €-29 (PAS) and €-25 (HPSF) versus €-31 (control 
schools) for non-health related absenteeism (Table 2).  
No significant differences were found between groups for the number of QALYs accrued by 
caregivers (Figure 1: H6): rate ratio HPSF vs. control: 1.00 [95% CI: 0.97;1.04], rate ratio 
PAS vs. control: 1.01 [95% CI: 0.97;1.04]. No statistically significant differences were 
found for time spent on paid work (Figure 1: HL4): rate ratio HPSF vs. control: 1.02 [95% CI: 
0.97;1.08], PAS vs. control: 1.05 [95% CI: 0.99;1.12]. 
The net investment for HPSF (€859/child/2 years), generated a benefit of €8/child/2 
years [95% CI: €-1,085 to €1,057] when considering the financial outcomes in the child 
(Table 2). The incremental net benefit of HPSF was estimated at €-851/child/2 years (SROI 
ratio of 0.01). The net investment costs for PAS (€1,017/child/2years), generated a benefit 
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of €49/child/2 years [95% CI: €-1,041 to €1,097]. The incremental net benefit of PAS 
was estimated at €-968/child/2 years (SROI ratio of 0.05). See Appendix 6 for the results 
when not adjusting for covariates. A breakdown of results by sector shows that most 
investment were incurred by the education sector, while offsets were received by the 
household and leisure sector, and most benefits belonged to the healthcare sector 
(HPSF:100%, PAS:40%) (Table 3). 
 
The results of the scenario and sensitivity analyses were comparable to the base-case (SROI 
between zero and one), except for excluding children who were in grade 7 at baseline, and 
for the complete case analysis (Appendix 7). Repeating the analysis without children in 
grade 7 resulted in extra benefit for both HPSF and PAS (SROI HPSF: 1.70 versus 0.01; 
PAS: 0.70 versus 0.05). Additionally, including spillovers on caregiver’s HRQOL and 
productivity increased the SROI (SROI HPSF: 0.05 vs. 0.01, PAS: 0.70 vs. 0.05). The 
complete case analysis showed comparable results with regard to the direction of the 
regression estimates (Appendix 5). However, due to the number of missing data and the 
missing data mechanism (not completely at random) the complete case analysis resulted in 
inefficient and (probably) biased point estimates of the benefits (SROI HPSF: -1.80 versus 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The objective of the current study was to examine the short-term return on investment created 
by HPSF and PAS after two years of intervention. HPSF and PAS led to outcomes within the 
healthcare sector (favourable changes in health behaviours and body mass index [both 
significant], and medical resource use [not significant]), education sector (favourable 
changes on perceived social behaviours at school and school satisfaction, and absenteeism 
from school [later not significant]), and household & leisure sector (perceived engagement 
with the community). The benefits (HPSF: €0.05 per child/day, PAS: €0.31/child/day), did 
not outweigh the net investment costs of HPSF and PAS (HPSF: €2.69/child/day, PAS: 
€3.18/child/day). For every euro invested, HPSF and PAS generated a benefit of €0.01 
[95% CI: €-1.3; €1.2] and €0.05 [95% CI: €-1.0; €1.1], respectively. In the paper of 
Bartelink et al. (2019) it was shown that HPSF resulted in more favourable effects on 
children’s BMI scores compared to PAS.6 The authors suggested that HPSF may be more 
effective in targeting health behaviours, since HPSF simultaneously addressed nutrition and 
physical activity, and the activities at HPSF led to additional health-promoting changes in the 
school.5 In contrast, the SROI calculation revealed that PAS led to more financial benefits 
than HPSF, which was mainly due to the favourable effects of PAS on absenteeism from 
school (not statistically significant). The results, however, do not suggest that PAS had a more 
favourable SROI as compared to HPSF, because HPSF led to more favourable results on the 
non-monetized outcomes (see SROI story). The findings on financial benefits need to be 
interpreted with caution. Benefits were not statistically significant and therefore uncertain, but 
a trend towards favourable outcomes was observed. The SROI of HPSF and PAS increased 
substantially after including spillover effects, which was driven by the monetization of the 
relative small effects on caregivers’ HRQOL (WTP for a QALY), as well as by the favourable 
effects on caregiver productivity. In the sensitivity analysis, it can also be seen that the SROI 
was sensitive to the QALY gains. Most short-term cost-effectiveness studies on childhood 
lifestyle interventions examined cost-effectiveness by the ratio of costs and health outcomes 
such as body mass index improvements, cases of overweight prevented, or units of waist 
circumference prevented.20 WTP thresholds are not available for these outcomes, and 
interpreting their cost-effectiveness results therefore remains difficult. In contrast to these 
studies, we combined a qualitative and quantitative approach for examining the health- and 
non-health outcomes of HPSF and PAS. By using the SROI framework we were able to 
integrate the outcomes for multiple sectors.21,22 If we would have examined the interventions 
from a healthcare perspective alone, a substantial part of the outcomes would have been 
ignored (HPSF: 49 percent of financial benefits, PAS: 59 percent of financial benefits). Jones 
et al. (2011) examined the SROI of the Food for Life programme, and also considered both 
health-related and non-health outcomes for local suppliers, school catering services, 
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schools, parents, and local authorities.23 Financial proxies were defined by stakeholders, 
such as using the costs of a trip to the farm for valuing the knowledge of children about the 
origin of foods, which resulted in a SROI ratio of 4.4. Defining monetary values for non-
financial outcomes is challenging as methods for obtaining proxies are not standardized. In 
the current study, we used standard cost prices only and refrained from defining financial 
proxies ourselves. This could have resulted in a conservative estimate of the SROI of HPSF 
and PAS. Due to the non-response on the parental questionnaire and the dynamic cohort 
design, our study suffered from missing data on covariates and longitudinal outcomes, which 
required multiple imputation.  
 
Decisions on school-based lifestyle interventions should not be based on only the 
intervention’s short-term return on investment. Follow-up assessments, as well as modelling to 
extrapolate short-term results beyond the trial period, are required to examine the full merits 
of school-based lifestyle interventions. Long-term information is, however, not always 
available for decision-making, because follow-up assessments are dependent on previous 
intervention implementation. To ensure successful intervention implementation and 
continuation it is crucial to have support from all stakeholders. The SROI framework allowed 
for comprehensively assessing the distribution of investments and outcomes over stakeholder 
groups. The results of the current study showed that the short-term benefits did not outweigh 
the investments of the HPSF initiative, but outcomes were generated for multiple sectors. The 
majority of investments were incurred by the education sector, while outcomes were 
received by the healthcare, household & leisure, and education sector. This information can 
be used as input for continuation decisions and investment strategies on the HPSF initiative 
by, for example, exploring alternative modes of intervention delivery (e.g. changing the 
organization of activities so that fewer pedagogical employees are needed), and examining 
whether a redistribution of investments over, amongst others, schools, parents, and the 
government is desired. The SROI framework can therefore serve as a tool in obtaining 
stakeholder support, foster intervention implementation and continuation, and facilitate 
follow-up research and decision-making on school-based lifestyle interventions. In 
accordance to others, we recommend that further research should focus on the valuation of 
outcomes in different sectors,18,22,24 and on the methods for valuing outcomes across 
different sectors to further develop the methodology and enhance the implementation of the 
SROI methodology.18,25 Future research is also needed to examine if SROI evaluations 
adequately meet the information needs of different stakeholders and optimally support the 
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Flowchart of children participating in the measurements  
Baseline 
Total participating children: n=1403 (60.3% of all children) 
Selection for the current study 
Participating children in classes 1-7: n=1255 
HPSF (n=361) PAS (n=408) Control (n=486) 
 
One year follow up (Year 1)  
Total participating children: n=1489 (60.7% of all children) 
Selection for the current study 
Participating children in classes 2-8: n=1455 
Newly included (n=264); Drop-out* (n=64) 
HPSF (n=469) 
New included: n=132 
Drop-out: n=24 
PAS (n=428) 
New included: n=33 
Drop-out: n=13 
Control (n=558) 
New included: n=99 
Drop-out: n=27 
 
Two year follow up (Year 2)  
Total participating children: n=1470 (61.7% of all children) 
Selection for the current study 
Participating children in classes 3-8: n=1323 
Newly included (n=158); Drop-out** (n=290) 
HPSF (n=432) 
New included: n=44 
Drop-out: n=81  
PAS (n=376) 
New included: n=38 
Drop-out: n=90 
Control (n=515) 
New included: n=76 
Drop-out: n=119 
 
Total participating children in study period: n=1974 
Selection for the current study: n=1676 
HPSF (n=537) PAS (n=478) Control (n=661) 
Notes: The flow diagram is similar to Bartelink et al. (2019).4  HPSF = Healthy Primary School of the Future; PAS = 
Physical Activity School; Year 1= after 12 months; Year 2 = after 24 months. * Reasons drop out Year 1: switched to 
other included school (n=2), other reasons e.g. moved out or actively stopped participation (n=62). ** Reasons 
drop out Year 2: finished school (n=228), switched to other included school (n=17), other reasons e.g. moved out 
or actively stopped participation (n=45). 
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Appendix 2  
Identifying and evidencing investments 
In a previous study, we made an overview of the activities that were provided at HPSF and 
PAS in addition to the regular school curriculum.1 We calculated the corresponding net 
investments, which is the sum of all investments from the different sectors (see above) minus 
the cost offsets that were directly related to intervention delivery. Investments were either 
material costs (food, curriculum materials, monitoring equipment) or personnel costs (project 
and school coordinators, pedagogical staff, time costs of volunteers, compensation for 
external parties giving workshops). Direct cost offsets applied to HPSF, and included the 
offsets for food costs for the household sector as lunches were provided at school, and the 
value of the extended school day as the extended school hours at HPSF provided caregivers 
with additional time that could be spent on paid or unpaid work (productivity cost). In the 
first year of intervention implementation, there were also direct cost offsets for the household 
sector as the fee for the lunch break was not applied. Information on investments and cost 
offsets were retrieved from a literature review, stakeholder interviews, budget information, 





Identifying and evidencing outcomes 
Table S.1 details the outcome measures, the informants and sources, and the method of data 
collection. Outcomes that were measured qualitatively were obtained from semi-structured 
interview with stakeholders (see main text). Outcomes were measured quantitatively as part 
of the quasi-experimental study, with objective measurements on weight and height, child 
questionnaires, parental questionnaires, and school records (see main text).2 To participate 
in data collection, participants completed an informed consent form signed by both 
parents/caregivers, and by the children in case they were 12 years or older (need for 
ethical approval has been waived by the Medical Ethics Committee Zuyderland in Heerlen).  
A total of 1,403 (T0), 1,489 (T1), and 1,470 (T2) children and their parents joined the 
study at the specific time points. Child questionnaires which were administered in grade 5-8, 
were completed by a total of 585 out of 1,403 participants (41.7%) at T0 [not administered 
in eight grade at baseline], 843 out of 1,489 participants (56.6%) at T1, and for 813 
children out of 1,470 (55.3%) at T2. The parental questionnaire was completed by 836 out 
of 1,403 participants (59.6%) at T0, 725 out of 1,489 (48.7%) at T1, and by 733 
respondents out of 1,470 (49.9%) at T2.  
The study has a dynamic cohort design as children continually enter and leave primary 
school; therefore. Children and their parents are were therefore also invited to join 
participate during the study. In the current study, we included a cohort of children that were 
enrolled at the participating schools and thus exposed to the interventions from baseline 
onwards, including children from study year one to seven at baseline, children from study 
year two to eight at T1, and children from study year three to eight at T2. Children in grade 
8 were excluded from the baseline measurement as no follow-up could be obtained. 
We excluded the children that switched between schools between 2015 and 2017. For the 
current study, N=1676 children and their parents were included based on the selection of 
school years and school switchers excluded (see methods).  






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Outcomes expressed in the SROI calculation and SROI story 
The reasons for in/excluding outcomes from the SROI calculation are further detailed in 
Table A4.1. The details on the outcomes for the SROI calculation are provided in Table 
A4.2. 
 
Table A4.1 Details on outcomes included in the SROI story. 
Sector See Fig 1. Outcomes Justification for exclusion from SROI calculation 
H1 Health behaviors (3) 
‐ Physical activity 
‐ Leisure time physical activity 
‐ Food intake 
H2 Physical health (4) 
‐ Height and weight 
When including all impacts for the healthcare sector, 
this would result in double counting as it is assumed that 
changes in children’s health behaviours and health 
status affect their HRQOL and medical resource use. As 
such, changes in health behaviours and physical health 
are intermediate outcomes for the impacts on HRQOL 
and medical resource use. 
Healthcare 
H5 Parental and teacher practices 
towards nutrition and PA 
Including the impacts on health behaviours and HRQOL 
could lead to double counting of outcomes. It is 
assumed that the changes in practices towards nutrition 
and PA are an intermediate outcome of the potential 
impact on family HRQOL. 
E1 School behaviours (e.g. bullying) Measured qualitatively. 
E2 Executive functioning and cognitive 
performance 
A longer time horizon is required to examine the 
potential financial returns. 
Education 
E4,E5 School satisfaction No financial proxy available to express the effects in 
financial returns. 
Non-cognitive skills   
‐ Self-efficacy No financial proxy available to express the effects in 
financial returns. 
I1 
‐ Social skills Measured qualitatively. 
Psychosocial health and wellbeing  
‐ Quality of life (PedsQL instrument)  
I2 
‐ Psychosocial functioning (SDQ)  
Intangibles 
I3 Wellbeing family (SWLS) 
No financial proxy available to express the effects in 
financial returns. 
No financial proxy available to express the effects in 
financial returns. 
No financial proxy available to express the effects in 
financial returns. 
HL1 Household expenses on healthy 
nutrition 
Not formally measured within the quasi-experimental 
study. 




HL3 Engagement with the local community Measured qualitatively. 
Labour & 
social security 
L1 Opportunities for local employment Not formally measured within the quasi-experimental 
study. 
Notes: HRQOL = health-related quality of life; PA = physical activity; PedsQL = Pediatric Inventory of Quality of Life; SDQ = 
Strengths and Difficulties Questionnaire; SEQ-C = self-efficacy questionnaire for children; SWLS = Satisfaction with Life Scale. 
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Table A4.2 Details on outcomes included in the SROI story. 
Sector See 
Fig 1 
Outcomes Measurement Valuation 
H3 HRQOL Measured with the EQ5D-Y 
questionnaire, self-report for 
children in grade 5-8, proxy report 
by caregivers for children <grade 
5. 
€36000 / QALY 
1 
H4 Medical resource use Included in the parental 
questionnaire 2 
see Table S.4 3 
Healthcare 
H6 HRQOL family Measured with the EQ5D 
questionnaire 
€36000 / QALY 
1 
Education E3 Absenteeism from school School records €26.48 / day 4 
Household & 
leisure 
HL4 Opportunities for caregivers to 
engage in work/activities 5 
The volume was based on the 
duration of the extended school 
day 
Paid work: 
€35.53 / hour  
Unpaid work: 
€14.31 / hour 3 
Labour & social 
security 
L2 Parental leave and absenteeism 
from work due to sickness of the 
child 
Parental questionnaire 6 NA 6 
Notes: EQ5D-Y = EuroQol- 5 Dimensions Youth questionnaire; HRQOL = health-related quality of life; QALY = 
quality-adjusted life year. 1 Pomp, M., Schoemaker, C.G., Polder, J.J. (2014). Op weg naar maatschappelijke 
kosten-batenanalyses voor preventie en zorg [Social cost-benefit analysis for prevention and care]. Ministerie van 
Volksgezondheid. Available online at: https://www.rivm.nl/publicaties/op-weg-naar-maatschappelijke-kosten-
batenanalyses-voor-preventie-en-zorg-themarapport. [Accessed March 1, 2019]. (5); 2 Healthcare resource use 
was measured by a parental questionnaire with a 12-month recall about the number of healthcare visits (including 
visits to the general practice and physicians, and use of mental health and youth care services), hospital admissions 
and medication use; 3 Dutch guidelines for costing in health economic evaluations (7); 4 Drost, R., Paulus, A., 
Ruwaard, D., Evers, S. (2014). Handleiding intersectorale kosten en baten van (preventieve) interventies [Guideline 
for intersectoral costs and benefits of preventive interventions]. Available online at: 
https://hsr.mumc.maastrichtuniversity.nl/sites/intranet.mumc.maastrichtuniversity.nl/files/hsr_mumc_maastrichtuni
versity_nl/Symposia/30_Oct_2014_VGE_NVTAG/um-hsr_handleiding_intersectorale_kosten_en_baten.pdf. 
[Accessed November 25, 2019]. (6); 5 In the calculation of the investments of HPSF, the consequences of the 
extended school day were included in terms of increased parental productivity. The opportunities for caregivers to 
engage in work (parental productivity) could not only be affected by the extended school hours at HPSF, but could 
also be affected by child and parental health and HRQOL. 
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4.1 Calculation of benefits for the social return on investment calculation 
Benefits are the product of outcomes (volume) and the financial proxy or unit cost. The 
reported volumes after year 1 and year 2 were combined to calculate the aggregated 
results over the total follow-up period of two years. The aggregated volumes were then 
multiplied with the unit costs (2017 prices).  
There were two methods for summing up volumes:  
1) When volumes were obtained with a recall period of 12 months, volumes were summed 
up:   
  
 
where V represents the total volume, y1 is the 12 month period from baseline to T1, and y2 
is the 12 month period from T1 to T2. 
 
2) When volumes were obtained for the specific time points, volumes were summed up with 




where V represents the total volume, t0 the time point of the baseline measurement, t1 the 
time point of the first follow-up measurement (after 12 months), and t2 the time point of the 
first follow-up measurement (after 24 months). 
H3: HR-Qol of the child 
Children’s HR-QoL was measured by the EuroQol 5 dimensions Youth questionnaire (EQ-
5D-Y) which was completed by children in grade 5-8 (8-12 year-olds), and by the EQ5-
5D-Y proxy questionnaire which was completed by parental report. In the base-case 
analysis, we used the self-reports on HR-QoL in 8-12 year-olds and proxy-reports for 
children between 4-8 years of age. The EQ5D questionnaire contains five questions 
regarding mobility, self-care, usual activities, pain/discomfort, and anxiety/depression, 
scored on a 3-point (child and proxy questionnaire) or 5-point (carer) rating scale. The 
corresponding health states were converted to utility values with valuations obtained from 
the general public.8 Quality-adjusted life years (QALYs) were calculated by means of the 
area under the curve method, in which the time in a certain health state was multiplied by the 
utility value (see method 2). With this method it is assumed that the utility between two 
consecutive measurements equals the mean of those two measurements. QALYs were valued 





Vi =                  * (t1 – t0) + * (t2 – t1)
Vi = vi,y1 + vi,y2
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H4: Medical resource use 
Healthcare resource use was measured by a parental questionnaire with a 12-month recall 
about the number of healthcare visits (including visits to the general practice and physicians, 
and use of mental health and youth care services), hospital admissions and medication use 
(see method 1). The costs of medication use were calculated according to the 
recommendations of the Dutch guidelines for costing in health economic evaluations.7 
Information on the costs of pharmaceuticals was obtained from the website of the Dutch 
healthcare institute (www.medicijnkosten.nl). 
 
Table A4.3 Unit costs for medical resource use. 
Resources Unit costs3 
GP visits  €35.53 B 
Speech therapist visits  €30.49 B 
Specialist visits  €92.47 B 
Physiotherapist / Occupational therapist visits  €33.53 B 
Youth care visits (Dutch: jeugdzorg en jeugdhulpverlening) €62.24 C 
Psychologist / social worker visits €65.04 B 
Hospital admissions days   €483.71 B 
Costs of prescribed medication See methods 
Notes: GP = general practitioner. A Guideline for intersectoral costs and benefits of preventive interventions (OCW 
kerncijfers 2007-2011) (6); B Dutch guidelines for costing in health economic evaluations (7); C [Inzicht in tarieven 
WMO en jeugdzorg Fase 2. KPMG] (9). 
 
4.1.3 H6: HRQOL family 
HR-QoL of carers (one respondent per child) was assessed with the EuroQol 5 dimensions 5 
levels questionnaire (EQ-5D-5L). Health states were converted to utility values with 
valuations obtained from the general public. Quality-adjusted life years (QALYs) were 
calculated by means of the area under the curve method (see method 2). QALYs were 
valued using a financial proxy of €36000 per QALY.5 
4.1.4 E3: Absenteeism from school 
School absenteeism days, with a recall period of one school year, were retrieved from 
school records (see method 1). Annual school absenteeism days were calculated, with 
making a distinction between health-related school absenteeism and non-health related 
school absenteeism. School absenteeism days were valued with the standard cost price.6  
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4.1.5 L2: Parental leave and absenteeism from work 
Parental leave and absenteeism from work or education were measured as the annual leave 
or absenteeism days from work or education due to the illness of the child. Leave and 
absenteeism days were measured with a recall period of 12 months, for both the primary 
caregiver and the partner (see method 1). Productivity losses associated with absenteeism 
from work or education were valued using the friction cost method using an average of 8 
working hours per day.7 
4.1.6 HL4: Opportunities for caregivers to engage in work/activities 
Parental labour participation was measured as the number of annual working hours for paid 
work and unpaid work for the primary caregiver and the partner, for each time point 
specifically (see method 2). The costs of unpaid labour were valued with the proxy good 
method which values unpaid labour at the costs of housekeeping services, representing a 
close market substitute of unpaid labour.7 We used an average of 45 working weeks per 
year to calculate the value of parental productivity. 
4.2 Statistical analysis 
Multiple imputation was used to account for possible selective non-response (missing at 
random assumption) and to use all available data. Imputations were generated with the 
MICE package in R using 50 imputed datasets with 20 iterations. Missing data on 
covariates were predicted by all other variables measured at baseline. Missing data on 
outcome variables were imputed for each time point using all covariates and the specific 
outcome variable at other time points. Total healthcare costs were defined as the sum of all 
cost categories, where imputation was performed at the level of cost categories (see Table 1 
– Medical Resource Use).  
The mean differences in aggregated benefits over year 1 and year 2 were examined with a 
generalized linear model with a Gamma distribution and a log link function to account for 
the zero values and skewness of the data. The analyses were adjusted for sex, study year at 
baseline, socioeconomic status (SES), ethnicity, baseline BMI z-scores, and baseline 
outcome scores. Children’s SES was calculated as the mean of standardized scores on 
maternal education level, paternal educational level, and household income (adjusted for 
household size) which were obtained from the parental questionnaire.10 The mean scores 
were categorized in low, middle and high SES scores based on tertiles. Children’s ethnicity 
(native background, Western background, non-Western background) was determined by 




4.3 Scenario and sensitivity analysis 
Scenario analyses were performed to analyze the SROI of HPSF and PAS for specific 
situations: 1) First of all, we assumed that 8 instead of 12 pedagogical workers would be 
needed at HPSF when children from different grades would not have lunch at the same time 
and when pedagogical staff, teachers, and teaching assistants would share/shift tasks. 2) In 
a second scenario, we included lower investments for HPSF and PAS for e.g. coordination 
and the lunch that are expected occur in a so-called steady state due to efficiency 
improvements and learning effects.1,13 3) Thirdly, we excluded children who are in grade 7 
at baseline and thus are leaving school during the 2-year study period. This analysis was 
used to examine whether the SROI would be different when HPSF and PAS were only 
offered to children who received the interventions for multiple years during the school-age 
period, compared to children who were nearly leaving school.  
Sensitivity analyses were conducted to see how the results would change under different 
assumptions:  1) Including spillovers on parental HRQOL and productivity. Spillover effects 
occur when a persons’ actions or behaviors indirectly affect other persons’ outcomes 
through for example peer effects or social interactions. It was assumed that HPSF and PAS 
would first impact on outcomes in the child, which may subsequently transfer to impacts in 
the household. Previous studies found that school health promotion directed at children was 
effective in improving lifestyle behaviors and health outcomes of family members.14,15 In the 
calculation of the investments of HPSF, the consequences of the extended school day were 
already included in terms of increased parental productivity. It is, however, likely that 
parental productivity may also be affected by children’s and caregivers’ HRQOL (Figure 1: 
L2 and HL4). Due to the small numbers (<10 percent) for parental absenteeism from work 
(Figure 1: L2), the potential benefits could not be reliably estimated and we refrained from 
including them in the calculation of financial return on investment. 2) No offsets in the 
investment costs of HPSF due to the extended school day. In the base case analysis we 
included the effects of the extended school day at HPSF on the opportunities for caregivers 
to engage in working activities. In the sensitivity analysis we excluded these offsets due to the 
uncertainty of this outcome (see costing study).1,13 3 & 4) Willingness to pay (WTP) 
thresholds of €20,000 and €50,000 per QALY gained instead of €36,000 per QALY 
gained. No formal thresholds exist for the willingness to pay per QALY gain in the area of 
prevention. Although it is advised to use a WTP threshold of €36.000 per QALY gained for 
social cost-benefit analyses in the Netherlands 5, an alternative threshold of €20,000 per 
QALY gained has been mentioned.16 We analyzed the SROI for a WTP threshold of 
€20,000 and €50,000 per QALY gained. 6) No discounting of investments and benefits. 
5) A complete case analysis (non-imputed outcomes).  
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Appendix 5 
Scenario and sensitivity analysis 
Table A5.1 Scenario and sensitivity analyses (€/child/ 2 years). 
Scenario and sensitivity analyses SROI outcome HPSF vs. control schools PAS vs. control schools 
   Estimate (95% CI) Estimate (95% CI) 
Net investment 859  1017  
Benefits 8 (-1085;1057) 49 (-1041;1097) 
Net monetary benefit -851 (-1945;198) -968 (-2058;80) 
Ratio of benefits to investment 0.01 (-1.3;1.2) 0.05 (-1.0;1.1) 
 Base case analysis 
Net monetary benefit / child / day 1 -2.66 (-6.08;0.62) -3.03 (-6.43;0.25) 
Net investment 497  1017  
Benefits 8 (-1085;1057) 49 (-1041;1097) 
Net monetary benefit -488 (-1582;560) -968 (-2058;80) 
Ratio of benefits to investment 0.02 (-2.2;2.1) 0.10 (-1.0;1.1) 
8 instead of 12 
pedagogical 
employees at HPSF 
Net monetary benefit / child / day 1 -1.53 (-4.94;1.75) -3.03 (-6.43;0.25) 
Net investment 318  719  
Benefits 8 (-1085;1057) 49 (-1041;1097) 
Net monetary benefit -309 (-1403;740) -670 (-1760;378) 
Ratio of benefits to investment 0.03 (-3.4;3.3) 0.15 (-1.4;1.5) 
Lower investments for 
HPSF and PAS 
expected to occur on 
the longer-term (steady 
state) Net monetary benefit / child / day 1 -0.97 (-4.38;2.31) -2.09 (-5.50;1.18) 
Net investment 859  1017  
Benefits 1482 (-1418;3929) 708 (-2134;3293) 
Net monetary benefit 622 (-2277;3070) -309 (-3151;2276) 
Ratio of benefits to investment 1.70 (-1.6;4.6) 0.70 (-2.1;3.2) 
Scenario 
analyses 
Excluding children in 
grade 7 at baseline, 
who are nearly leaving 
school 
Net monetary benefit / child / day 1 1.94 (-7.12;9.59) -0.97 (-9.85;7.11) 
Net investment 859  1017  
Benefits 40 (-2969;3631) 739 (-2894;3733) 
Net monetary benefit -820 (-3829;2772) -278 (-3911;2716) 
Ratio of benefits to investment 0.05 (-3.5;4.2) 0.70 (-2.8;3.7) 
Sensitivity 
analyses 
Including spillovers on 
caregiver’s HRQOL 
and productivity 
(Appendix 2: unit 
costs) Net monetary benefit / child / day 1 -2.56 (-11.96;8.66) -0.87 (-12.22;8.49) 
Net investment 2025  1017  
Benefits 8 (-1085;1057) 49 (-1041;1097) 
Net monetary benefit -2017 (-3111;-968) -968 (-2058;80) 
Ratio of benefits to investment 0.00 (-0.5;0.5) 0.05 (-1.0;1.1) 
No delivery-related 
offsets in social 
opportunity costs of 
HPSF due to the 
extended school day Net monetary benefit / child / day 1 -6.30 (-9.72;-3.02) -3.03 (-6.43;0.25) 
Net investment 859  1017  
Benefits 8 (-506;478) 49 (-462;517) 
Net monetary benefit -851 (-1365;-382) -968 (-1479;-500) 
Ratio of benefits to investment 0.01 (-0.6;0.6) 0.05 (-0.5;0.5) 
 
Willingness to pay 
threshold of  
€20.000/QALY 
gained instead of  
€36.000/QALY 
gained 
Net monetary benefit / child / day 1 -2.66 (-4.27;-1.19) -3.03 (-4.62;-1.56) 
Net investment 859  1017  
Benefits 8 (-1593;1565) 49 (-1548;1604) 
Net monetary benefit -851 (-2452;705) -968 (-2565;587) 
Ratio of benefits to investment 0.01 (-1.9;1.8) 0.05 (-1.5;1.6) 
 Willingness to pay 










Table A5.1 (continued) 
Scenario and sensitivity analyses SROI outcome HPSF vs. control schools PAS vs. control schools 
   Estimate (95% CI) Estimate (95% CI) 
Net investment 859  1017  
Benefits 8 (-1593;1565) 49 (-1548;1604) 
Net monetary benefit -851 (-2452;705) -968 (-2565;587) 
Ratio of benefits to investment 0.01 (-1.9;1.8) 0.05 (-1.5;1.6) 
Willingness to pay 






Net monetary benefit / child / day 1 -2.66 (-7.66;2.20) -3.03 (-8.02;1.83) 
Net investment 828  980  
Benefits 9 (-1140;1111) 51 (-1094;1152) 
Net monetary benefit -820 (-1969;282) -929 (-2074;172) 
Ratio of benefits to investment 0.01 (-1.4;1.3) 0.05 (-1.1;1.2) 
No discounting instead 
of an annual discount 
rate of 
2.5% for costs and 
outcomes Net monetary benefit / child / day 1 -2.56 (-6.15;0.88) -2.90 (-6.48;0.54) 
Net investment 859  1017  
Benefits -1581 (-3588;264) 582 (-1527;2564) 
Net monetary benefit -2440 (-4447;-596) -435 (-2544;1547) 
Ratio of benefits to investment -1.80 (-4.2;0.3) 0.60 (-1.5;2.5) 
Sensitivity 
analyses 
Complete case analysis 
Net monetary benefit / child / day 1 -7.62 (-13.90;-1.86) -1.36 (-7.95;4.84) 
Notes: CI = confidence interval; HPSF = Healthy Primary School of the Future; INB = incremental net benefit; PAS = Physical Activity 
School; QALY = quality-adjusted life year; SROI = social return on investment; WTP = willingness to pay. 1 For a total of 160 
schooldays per year (total of 320 days for two years). 













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure A5.1 Point estimates of the investments and benefits for the scenario and sensitivity analyses (HPSF). 
 Notes: HRQOL = health-related quality of life; QALY = quality-adjusted life year; WTP = willingness 
to pay. The line represents a SROI ratio of 1. For all points above the line the ratio of benefits / 














Figure A5.2 Point estimates of the investments and benefits for the scenario and sensitivity analyses (PAS). 
 Notes: HRQOL = health-related quality of life; QALY = quality-adjusted life year; WTP = willingness 
to pay. The line represents a SROI ratio of 1. For all points above the line the ratio of benefits / 














Figure A5.3 Point estimates and uncertainty of the around the benefits for the scenario and sensitivity 
analyses (HPSF). 













Figure A5.4 Point estimates and uncertainty of the around the benefits for the scenario and sensitivity 
analyses (PAS). 
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Appendix 6 
Quantitative outcomes not included in the SROI calculation 
Table A6.1 Outcomes on children’s psychosocial health, post-imputation adjusted for covariates (PedsQL). 
Control 
schools 












Mean change  






































































































Notes: HPSF = Healthy Primary School of the Future; PAS = Physical Activity School; PedsQL = Pediatric Quality of 
Life Inventory; SE= standard error. 1 Mean difference adjusted for baseline values and covariates (sex, age, SES, 
ethnicity, BMI z-score at baseline). 
 
Table A6.2 Outcomes on parental absenteeism and parental time spent at unpaid work, post-imputation 





Odds ratio 3 Odds ratio 3 






















from work due to 


















Notes: HPSF = Healthy Primary School of the Future; PAS = Physical Activity School; SE= standard error. 1 Due to 
the small numbers (<10%), the potential benefits could not be reliably estimated and we refrained from including 
them in the calculation of financial return on investment; 2 Dutch guidelines for costing in health economic 
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This mixed methods study aimed to examine plausible body mass index (BMI) trajectories 
after exposure to a primary school-based lifestyle intervention to aid in estimating the long-
term intervention benefits. 
 
Methods 
BMI trajectories for children at control schools (mean 7.5 years) were modelled until 
20 years of age through extrapolating trial evidence (N=1676). A reference scenario 
assumed that the observed 2-year effects of the ‘Healthy Primary Schools of the Future’ 
(HPSF) and ‘Physical Activity Schools’ (PAS) were fully maintained over time. This was 
modelled by applying the observed 2-year BMI effects until 20 years of age. Expert 
opinions on likely trends in effect maintenance after the 2-year intervention period were 
elicited qualitatively and quantitatively, and were used for developing alternative scenarios. 
 
Findings 
Expert elicitation revealed three scenarios: (a) a constant exposure-effect and an 
uncontrolled environment with effect decay scenario, (b) a household multiplier and an 
uncontrolled environment with effect decay scenario, and (c) a household multiplier and 
maintainer scenario. The relative effect of HPSF at 20 years of age was -0.21 kg/m2 under 
the reference scenario, and varied from -0.04 kg/m2 (a) to -0.06 kg/m2 (b), and 
-0.50 kg/m2 (c). For PAS, the relative effect was -0.17 kg/m2 under the reference scenario, 
and varied from -0.04 kg/m2 (a, b), to -0.21 kg/m2 (c).   
 
Interpretation 
The mixed methods approach proved to be useful in modelling plausible BMI trajectories 
and specifying uncertainty on effect maintenance. Further observations until adulthood could 
reduce the uncertainty around future benefits. 
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Background 
Primary school-based lifestyle interventions aim to optimize children’s health and wellbeing 
by encouraging them to adopt healthy behaviours. While the investments for intervention 
implementation have to be made early in life, the main health benefits and cost savings may 
only be realized beyond the timeframe of empirical studies and beyond childhood.1,2 
 
Population health models are available, which link short-term intervention impacts to chronic 
disease risk. Body mass index (BMI) is frequently used as a risk factor in population health 
models. Available population health models, however, generally start in adulthood. To 
estimate the long-term impacts of primary school-based lifestyle interventions, the gap 
between childhood (observation range of empirical studies) and adulthood (captured in 
population health models) has to be filled. Few empirical studies included long-term follow-
up measurements after primary school-based lifestyle interventions in order to assess the 
effect maintenance.2 Whilst some studies found a fast decay of the intervention effect,3,4 
others reported some sustained effects in the overall study sample or in subgroups only (e.g. 
children with a high socioeconomic background).5,6 In modelling long-term benefits, several 
cost-effectiveness studies on primary-school based lifestyle interventions have used a range 
of alternative ‘hypothetical’ estimates on effect maintenance.7-11 These results show that 
estimates on the maintenance of the intervention effect are paramount in modelling the long-
term benefits of childhood lifestyle interventions.9-11 This also indicates that making 
transparent and plausible assumptions on the effect maintenance is crucial to adequately 
inform implementation and funding decisions on primary school-based lifestyle interventions.  
 
In a quasi-experimental study in the Southern region of the Netherlands, two interventions 
were evaluated. The ‘Healthy Primary School of the Future’ (HPSF) implemented a daily 
healthy lunch and daily physical activity sessions, whereas the ‘Physical Activity School’ 
(PAS) focused on physical activity only.12 The objective of this study is to model plausible 
BMI trajectories for children at HPSF, PAS, and control schools, from the primary school age 
up to young adulthood (20 years). 
Methods 
The ‘Healthy Primary School of the Future’ initiative 
The ‘Healthy Primary School of the Future’ (HPSF) initiative aims to integrate health 
promotion in the primary school setting. In the Netherlands, children attend primary school 
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for eight years (grade 1-8, from 4-12 years of age). In a quasi-experimental study, two 
interventions were examined and compared to schools that maintained the regular 
curriculum (control schools). A full intervention named ‘the Healthy Primary School of the 
Future’ (HPSF) offered an extended curriculum, including daily healthy lunches, and daily 
structured physical activity and cultural sessions. A partial intervention, named the ‘Physical 
Activity School’ (PAS) included the same changes, except for the healthy lunch.12 Details on 
the interventions and the quasi-experimental study have been previously published.12,13 
Study sample and growth data 
For the current study, the three-wave data collection of the quasi-experimental study was 
used. Only participants that were enrolled at the participating schools from baseline 
onwards were selected, to reflect a two-year intervention exposure for all children.13 The 
study sample consisted of N=1676 children (Appendix 1). Trained research assistants 
measured children’s height and weight (measured to the nearest 0.1 cm and 0.1 kg) 
(September-November). Children were measured with light clothing and no shoes. 
Information on children’s age (in years) and gender was retrieved from the educational 
board Movare. BMI values were calculated from age 5 to 12 years, because height and 
weight was measured from age 5 onwards, and because only few children in the last grade 
did already turn 12 years at the start of the school year. Socioeconomic status (SES) was 
measured with a parental questionnaire, and calculated as the mean of standard scores on 
maternal education, paternal education, household income (adjusted for household size), 
and neighbourhood SES score. SES was categorized (low, average, high) based on tertile 
scores. 
Unobserved effects: two phases  
We distinguished two phases: 1) primary school period, and 2) after the primary school 
period up to 20 years.  
Estimation of BMI trajectories without expert information 
BMI trajectory of children at control schools 
Phase 1: primary school period 
Two models were compared: a linear mixed model and a piecewise mixed model as both 
have been used in the literature (Box 1).14,15 BMI values were log-transformed to 
accommodate for the right-skew of BMI-values for older children.14,15 Both models used all 
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available data under the missing at random assumption as BMI data was unavailable for 
1.7% of the study sample (N=28). 
 
























Firstly, a linear mixed model was built. Model selection criteria (AIC, BIC, Loglikelihood) 
were used to test whether addition of second and third order effects of age improved the 
model fit (Box 1). Secondly, a piecewise mixed model (broken stick model) was used to 
mimic the differences in BMI growth at different ages.14 A breakpoint at age 6 was used to 
reflect the transition in children’s BMI growth rates between 4-6 years of age.16 
Additionally, a breakpoint at the age of nine years was selected to reflect the timing of the 
mid-growth spurt that may occur at pre-puberty.17 The two models included random 
intercepts and a random slope (linear effect of age) in order to model individual BMI 
development and account for the correlation of repeated measurements within children.18 
The models were adjusted for SES due to the SES-specific BMI trends in the study sample.13 
Model 1: Linear mixed model * 
BMIi,t = β0,i  + β1,i*Agei,t + β2*Agei,t
^2 + β3*Agei,t
^3 + β4*HPSFi + β5*PASi +  
β6 (HPSFi* Agei,t) + β7 (PASi* Agei,t) + β8*lowSESi + β9*highSESi  + ei,t    
Notes: BMIi,t = BMI value at a specific age of the child, t = time point (baseline, year 1, year 2), i = individual 
(N=1676), βo,i  = random intercept parameter, Agei,t = age (in years) of the child, β1,i= random linear slope 
parameter, β2,i = quadratic slope parameter, β3,i = cubic slope parameter, HPSFi,t = Healthy Primary School of 
the Future, PASi,t = Physical Activity School, lowSESi,t = low socioeconomic background, lowSESi,t = high 
socioeconomic background, ei,t = error term (residual variance). 
 
*Addition of the second order and third order effects for age was assessed by comparing the the 
Loglikelihood, Akaike information criterion (AIC), and the Bayesian information criterion to the null model (only 
first order effects of age). The Loglikelihood and AIC showed that a model predicting lnBMI by the third order 
effects of age showed a good fit to our data, and this model has previously been used to model BMI 
trajectories in European youth (14). 
 
Model 2: Piecewise mixed model  
BMIi,t = β0,i +  β1,i*Agei,t + β2,i*D(Age, ≥6 years) + β3,i*D(Age, ≥9 years)  + β4*HPSFi + β5*PASi + 
β6(HPSFi*D[Age, ≥6 years]i) + β7(PASi*D[Age, ≥6 years]i) + β8(HPSFi*D[Age, ≥9 years]i) + β9(PASi*D[Age, 
≥9 years]i) + β10*lowSESi + β11*highSESi  ei,t      
Notes: BMIi,t = BMI value at a specific age of the child, t = time point (baseline, year 1, year 2), i = individual 
(N=1676), βo,i  = random intercept parameter, Agei,t = age (in years) of the child, D(Age, ≥6 years) = dummy 
variable (1=≥6 years, 0=<6 years), D(Age, ≥9 years) = dummy variable (1=≥9 years, 0=<9 years), HPSFi,t = 
Healthy Primary School of the Future, PASi,t = Physical Activity School, lowSESi,t = low socioeconomic 
background, lowSESi,t = high socioeconomic background, ei,t = error term (residual variance). 
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Dummy variables for HPSF and PAS (and HPSF/PAS * age) were added in the fixed part of 
both models to control for the baseline differences between the three school types. 
 
Next, BMI values were estimated for children at control schools with an average SES 
background. Results were stratified for each age- and sex strata (in years). This was done in 
order to specify the BMI trajectory at the group-level and to be able to deduct the overall 
relative effects of HPSF and PAS in the next steps. All analyses were performed in R version 
3.5.1. 
Phase 2: after the primary school period 
BMI trajectories for the control group were extrapolated to the period after primary school 
(12 up to 20 years of age). To examine whether the extrapolated models yielded plausible 
BMI trajectories, the face validity of the fitted results was inspected. Crossectional data from 
the Fifth Dutch Growth Study, representing BMI values among Dutch youth in 2009, was 
used for inspecting face validity.19 
BMI trajectory of children at HPSF and PAS (reference scenario) 
In a reference scenario, the trajectories for children at ‘Healthy Primary Schools of the 
Future’ (HPSF) and ‘Physical Activity Schools’ (PAS) were modelled by lowering the BMI 
trajectory of children at control schools (see above). The BMI trajectory was lowered by 
deducting the BMI reductions (HPSF and PAS vs. control schools) that were obtained after a 
2-year intervention period. The BMI trajectories were lowered from age 6 (2-year effects 
settling in from age six onwards [2 years after the start of primary school and intervention 
exposure]) until 20 years of age. This was done in order to compare the reference scenario 
with other effect maintenance scenarios as specified by the experts. The effects on children’s 
standardized BMI values (BMI z-score) after two-years of intervention were previously 
analysed.13 The average analysed effect on BMI z-scores was converted to the average 
BMI reduction within the study sample, based on the standard deviation at baseline 
(SD=2.55), because this would resemble the ‘true’ variation in our study sample (as 
suggested by experts). The overall 2-year intervention effects were applied, as no 
statistically significant differences between age groups, sex, and SES groups were found.13 
Adapting the whole trajectory (reference scenario) based on short-term (observed) effects is 
in accordance with the approach of previous cost-effectiveness studies. 
Estimation of BMI trajectories with expert information 
To obtain a representative and information-rich panel, experts were selected by purposive 
sampling (N=11).20 A semi-structured interview was performed face-to-face or by telephone 
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(interview led by MO), and followed a pre-developed interview guide consisting of 
qualitative and quantitative questions (see Appendix 2 for more details). We aimed to elicit 
experts’ views on the future trends in effect maintenance and the underlying mechanisms 
through qualitative questions, as well as eliciting quantitative estimates on the future relative 
effects and the corresponding uncertainty. For the quantitative part, graphical displays from 
the interactive MATCH Uncertainty Elicitation Tool were used (Roulette method) to specify 
the mean relative effect/effect maintenance and the variance (probability distribution) 
during and after the primary school period.21  
The qualitative answers were first analysed. Transcriptions were anonymized, and themes 
relating to the direction of the effect maintenance were identified and grouped in scenarios 
(thematic content analysis) (MO and DDBG). Scenarios were drafted for the effect 
maintenance during the primary school period (1) and after the primary school period (2). 
Scenarios were summarized by using the context-mechanism-outcome configuration of the 
realist evaluation method to provide insight in the mechanisms underlying effect 
maintenance.22 A summary of the expert’s answers and the constructed scenarios were 
given to the experts for feedback (member check), which was incorporated in the revision of 
the scenarios. Identification of scenarios and data saturation were discussed between MO 
and DDBG. 
After drafting the scenarios, we scored the chosen scenario for each expert and sorted the 
(individually) elicited probability distributions accordingly. Scenario-specific probability 
distributions were calculated by averaging the means and variances of the expert 
probability distributions with equal weights for experts.  
Last, scenarios for the primary and post-primary school period were combined. The 
combinations mentioned by the experts were used for further analysis and comparison. 
Results 
Characteristics of the study sample are described in Table 1. The study sample consisted of 
children (47.4% boys) who were on average 7.5 years old at baseline. Children at control 
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Phase 1: primary school period 
The fitted BMI trajectories for boys and girls with an average SES at control schools are 
presented in Figure 1. Fitted values showed an increase in variation with age similar to the 
observed values (see Appendix 3). The trajectory of the observed median BMI values 
showed a decline for boys at age 7 years, which was also present in the fitted models 
(Figure 1, Panel 1). 
 




























Figure 1 Observed and predicted BMI values. 
 Notes: BMI = body mass index. Dashed lines: median – interquartile range; median + interquartile 
range. Solid lines: median BMI values. Model 1: linear mixed model (see Box 1). Model 2: 
piecewise mixed model (see Box 1). Where separate lines are not visible, the values of Model 1 and 
Model 2 do overlap. 
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Phase 2: after the primary school period 
Based on the comparison with the Fifth Dutch Growth Study, the decreasing BMI values for 
boys from 15 years of age in model 1 were not considered plausible, and Model 2 was 
selected (Appendix 4). For girls, model 1 adequately reflected the cubic BMI trend. The 
selection of model 2 for boys and model 1 for girls is supported by literature, which shows 
that BMI trajectories for boys are relatively linear as compared to a more concave growth in 
girls due to the early onset of puberty.23  
Because the downward slope in BMI growth was not captured from 18 years onwards, the 
BMI increases from 18-19 years and 19-20 years of age in the Fifth Dutch Growth Study 
were applied. Median BMI values increased to 22.06 (boys) and 22.18 (girls) at age 20 
years of age (Figure 2). In the reference scenario 2-year observed relative effects of HPSF 
and PAS were applied to the entire trajectory, which resulted in a 0.22 and 0.17 kg/m2 
lower BMI trajectory, respectively (Appendix 5). 
Estimation of BMI trajectories with expert information 
Scenarios 
Phase 1: primary school period 
Expert’s motivations revealed three scenarios (Table 2):  
Constant exposure-effect scenario 
Most experts indicated that the observed relative effects (after 2 years) would stay about the 
same when exposure is maintained during the primary school period (mentioned by N=8 
respondents).  
Household multiplier scenario 
Some experts anticipated that prolonged exposure (longer than the observed two years) 
during the primary school period and new learned behaviours might lead to behaviour 
changes within the household (mentioned by N=3 respondents). This would probably lead 
to more favourable results. 
Personal factors 
Last, experts indicated that in addition to the constant effect-exposure scenario, 
internal/psychosocial mechanisms (e.g. reducing feelings of ‘not feeling comfortable’ with 
participating in sports) and physical mechanisms (e.g. increase in muscle mass) could 
contribute to sustained effects (mentioned by N=4 respondents). 
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Figure 2 Projected median BMI values for children at control schools [average SES]. 
 Notes: BMI = body mass index; FDGS = Fifth Dutch Growth Study; SES  = socioeconomic status. 
Dashed lines: median – interquartile range; median + interquartile range. Solid lines: median BMI 
values. Model 1: linear mixed model (see Box 1). Model 2: piecewise mixed model (see Box 1) 
 
 
Phase 2: after the primary school period 
Uncontrolled environment scenario 
Nearly all respondents expected an effect decay after the primary school period (mentioned 
by N=10 respondents). It was anticipated that the transition to secondary school would lead 
to a disruption of children’s pre-existing acquired health behaviours.  
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Household maintainer scenario 
One expert indicated that the relative effects could be sustained via improved health 
behaviours in the household (Table 3).  
 
The respondents highlighted that numerous characteristics in the environment (e.g. facilities in 
the neighbourhood, knowledge and beliefs, marketing, media, and policy factors) influence 
health behaviours and BMI. Most factors will affect children from both the control and 
intervention groups, and the relative effects will therefore not change greatly. Some experts 
indicated that it was too difficult for them to make quantitative estimations, due to the lack of 
specific expertise, and/or the multifactorial nature of the uncertainties (N=4 experts, N=2 
interviews). Quantitative estimates for the scenarios ‘personal factors’ were not further 
quantitatively specified as they were considered too multifactorial by the respondents. 
Relative effects 
Three different combinations of scenarios were mentioned (Figure 3): 
A) The constant exposure-effect scenario and the uncontrolled environment scenario 
(mentioned by N=8 respondents). This led to a relative reduction of -0.21 [HPSF] and -0.17 
[PAS] kg/m2 during the primary school period, and a reduction of -0.04 [HPSF and PAS] 
after the primary school period. 
 
B) The household multiplier scenario and the uncontrolled environment scenario 
(mentioned by N=2 respondents). This led to a relative reduction of -0.30 [HPSF] and -0.19 
[PAS] kg/m2 during the primary school period, and a reduction of -0.06 [HPSF] and -0.04 
[PAS] kg/m2 after the primary school period. 
 
C) The household multiplier scenario and the household maintainer scenario 
(mentioned by N=1 respondent). This led to a relative reduction of -0.30 [HPSF] and -0.19 
[PAS] kg/m2 during the primary school period, and a reduction of -0.50 [HPSF] and -0.21 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 3 Combination of uncertainty scenarios. 
 Notes: BMI = body mass index; CI = confidence interval; HPSF = Healthy Primary School of the 
Future; PAS = Physical Activity School. 
 
Discussion 
This study aimed to model plausible BMI trajectories after exposure to HPSF and PAS until 
early adulthood. Relying on the 2-year observed effects resulted in a relative effect of -0.21 
(HPSF) and -0.17 kg/m2 (PAS). Experts indicated that intervention effects could be 
maintained during the primary school period (constant exposure-effect scenario) or become 
more favourable due to the adoption of behaviour changes in the household (household 
multiplier scenario). After the primary school period, effects could decay (uncontrolled 
environment scenario) or be maintained due to sustained behaviour changes in the 
household (household maintainer scenario). The smallest relative effects were found under a 
constant exposure-effect (primary school) and uncontrolled environment scenario (after 
primary school) (mean difference at 20 years of age: -0.04 kg/m2 [HPSF and PAS vs. 
control). The highest relative effects corresponded to a household multiplier (primary school) 
and household maintainer scenario (after primary school) (mean difference at 20 years of 




















































BMI trajectories from childhood to adulthood 
Different statistical models can be used to describe growth trajectories in children, which 
may depend on the study aim, the measure of growth, the frequency of measurements, and 
the period of growth of children being investigated.24 We aimed to predict the BMI growth 
trajectory at a group-level instead of accurately resembling individual BMI development. 
We used the fixed and random effects from the primary school models for extrapolating BMI 
trajectories. Theoretically, this approach is suboptimal, because BMI growth (fixed effects) 
and variability (random effects) is different for adolescents as compared to primary school 
aged children. To derive at plausible BMI trajectories data of the Fifth Dutch Growth Study 
was used for guiding model selection and for performing minor calibration (see above).19 
The fitted values were not fully comparable to the results of the Fifth Dutch Growth Study due 
to differences in the study population (children from the Parkstad region vs. general Dutch 
population) and secular trends (2015-2018 vs. 2009). Instead of the face validity criterion, 
databased criteria (maximum difference [%] between estimated and observed values) could 
be used to further improve the predictive ability of the BMI trajectory models. 
Expert judgement 
At least six experts were invited for participation in accordance to recommendations by 
Cooke et al. (2006).25 The different backgrounds from health promotion experts, health 
economists, and epidemiologists led to the discovery of different scenarios. Not all 
participants felt confident with making quantitative estimations due to their unfamiliarity with 
the relative effects of primary school-based lifestyle interventions on BMI or due to the 
multifactorial nature of effect maintenance and secular trends. Using intermediate outcome 
measures, like the increase in minutes of moderate physical activity or calorie intake, instead 
of BMI, may potentially aid in making estimations on relative effects. Overall, we feel that 
integrating expert elicitation into the extrapolation of databased statistical models is a first 
step towards assessing the impact of effect maintenance on the intervention’s benefits in a 
more valid (expert informed estimates vs. uninformed scenario analyses) and informative 
manner. 
Relative effectiveness of HPSF and PAS in childhood and adolescence 
Regarding the primary school period, most experts anticipated constant relative effects. 
Bartelink et al. (2019) found that the BMI reductions in children at HPSF and PAS were 
smaller in the second year as compared to the first year of intervention, while the relative 
effects became larger due to the BMI growth at control schools.13 A decreased enthusiasm 
was mentioned as a potential explanation for the smaller intervention effects in the second 
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year.13 Analysis of the 4-year effects will be carried out to investigate whether the effects in 
the second year are sustained. Another anticipated scenario was the uptake of lifestyle 
changes in the household. The 2-year quantitative analysis did not show an overall effect for 
physical activity and dietary behaviour at home, but more favourable effects in physical 
activity at home were found for children with a higher SES background.26 Further research 
could focus on the transfer of effects to the household and the impact on effect maintenance 
during and after the primary school period. Follow-up research in secondary schools is of 
utmost need to investigate the effect maintenance of primary school-based lifestyle 
interventions into adolescence and young adulthood. 
Relative effectiveness of HPSF and PAS in adulthood 
It may be difficult for readers to understand the impact and consequences of our findings as 
the uncertainty is only expressed in terms of the intermediate BMI outcome. In a modelling 
study, we will estimate the impact of the different scenarios on the long-term health and 
economic impacts of HPSF and PAS (e.g. healthcare cost savings, years lived with 
overweight). In order to provide more insight on the relevance of our findings, we converted 
the results on BMI into the effects on excess calorie intake, which is another intermediate 
outcome but may be easier to interpret. Wang et al. (2012) and Plachta-Danielzik et al. 
(2008) calculated that children’s excess energy intake should be reduced by 41 kcal/day 
and 27-58 kcal/day in order to meet the goals for childhood obesity prevention in the US 
and Germany, respectively.27,28 By applying the same mathematical model, we calculated 
that the relative effects for HPSF (0.21 kg/m2 in the reference scenario and 0.50 kg/m2 in 
the household multiplier and maintainer scenario) translated to a reduction of 17 and 40 
kcal/day for an 8-year old boy, respectively. 
Conclusions 
The mixed-methods approach proved to be useful for unravelling uncertainty, for identifying 
evidence gaps, and for providing inputs for estimates on medium and long-term intervention 
benefits. The specification of uncertainty on intervention effect maintenance is a first step 
towards better informing adoption decisions on primary school-based lifestyle interventions. 
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Total participating children: n=1403 (60.3% of all children) 
Selection for the current study* 










One year follow up (Year 1)  
Total participating children: n=1489 (60.7% of all children) 
Selection for the current study 
Participating children in classes 2-8: n=1455 
Newly included (n=264); Drop-out** (n=64) 
HPSF (n=469) 
New included: n=132 
Drop-out: n=24 
PAS (n=428) 
New included: n=33 
Drop-out: n=13 
Control (n=558) 





Two year follow up (Year 2)  
Total participating children: n=1470 (61.7% of all children) 
Selection for the current study 
Participating children in classes 3-8: n=1323 
Newly included (n=158); Drop-out*** (n=290) 
HPSF (n=432) 
New included: n=44 
Drop-out: n=81  
PAS (n=376) 
New included: n=38 
Drop-out: n=90 
Control (n=515) 





Total participating children in study period: n=1974 
Selection for the current study: n=1676**** 
HPSF (n=537) PAS (n=478) Control (n=661) 
 
Figure A1. Flowchart of children participating in the measurements. 
 Notes: HPSF = Healthy Primary School of the Future; PAS = Physical Activity School; Year 1= after 
12 months; Year 2 = after 24 months. * All children from study year one to eight (age 4 to 12) 
enrolled at the eight participating schools were eligible to participate in the study, which is 
internationally comparable to two years of Kindergarten and six grades; ** Reasons drop out Year 1: 
switched to other included school (n=2), other reasons e.g. moved out or actively stopped 
participation (n=62); *** Reasons drop out Year 2: finished school (n=228), switched to other 
included school (n=17), other reasons e.g. moved out or actively stopped participation (n=45); **** 
Children who joined the study at year1 one or year2 were included because they were already 
enrolled in the participating school at baseline.  




The expert elicitation followed the seven steps as described by Knol et al. (2010), and 
reporting was in accordance to the COREQ guidelines (reporting for qualitative studies).1,2 
1. Characterization of uncertainties and typology of uncertainties 
Empirical studies that evaluate childhood lifestyle interventions generally have a short 
duration of 1 to 4 years, and do not go beyond childhood. Population health models, are 
available for estimating the long-term health and cost impacts of lifestyle interventions as 
they link risk factors to diseases, morbidity, mortality, and costs, but generally start from 
adulthood onwards. To estimate the long-term health and cost impacts of childhood lifestyle 
interventions, the gap between childhood (observation range of empirical studies) and 
adulthood (captured in population health models) has to be filled. Filling this gap comes with 
uncertainty. The aim of the expert elicitation is to gather informed opinions of experts on the 
unobserved effects, effect maintenance, and the associated uncertainty. 
We distinguish two uncertainties that are associated with plugging the evidence gap. The 
first type of uncertainty pertains to the primary school period (4-12 years of age 
corresponding to the Dutch setting). Children are still exposed to the intervention, but the 
effects are partially or no longer observed within the empirical study. The second type refers 
to the uncertainty on the relative effect after the primary school period when exposure to the 
intervention has ended. 
2. Scope/format of elicitation 
The elicitation will be performed by means of a semi-structured interview, performed face-to-
face or by telephone (MO), and will follow a pre-developed interview guide. It is aimed to 
elicit experts’ views on the future trends in effect maintenance and the underlying 
mechanisms, as well as eliciting quantitative estimates on the future relative effects and the 
corresponding uncertainty (indicated by a mean estimate and an uncertainty distribution). 
The interviewer (MSc, female) is trained as a health scientist with expertise in health 
technology assessment. Expert’s views will be elicited in individual interviews where 
possible, to obtain individual views on the uncertainties, as recommended by Knol et al. 
(2010).1 The team will review whether additional group elicitation may be useful for sharing 
knowledge and for better appreciation of different disciplinary viewpoints.  
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3. Selection of experts 
In accordance to the recommendations of Cooke et al. (2006) we will invite at least 6 
experts.3 It is aimed to have an information-rich and diverse panel. Therefore, we strive to 
get a mixed panel of experts (health promotion specialists, epidemiologists, cost-
effectiveness researchers, dieticians/paediatricians) from different universities/institutions. 
Experts will be selected based on purposive sampling (N=11). A relationship with some of 
the experts was established prior to study commencement (N=4). A total of six experts are 
familiar with the Healthy Primary School of the Future initiative. Data saturation will be 
determined by the point at which no new unique themes are introduced (inductive thematic 
saturation). 
Design of elicitation protocol 
We will ask experts about their views on the presence of the two uncertainties (qualitatively), 
and subsequently ask to define a plausible parameter space to reflect the amount of 
uncertainty. As background information for the quantitative part, we will show the 2-year 
relative effects of HPSF and PAS vs. control schools. Participants will be asked to specify the 
unobserved relative effects during and after the primary school period. Graphical displays 
from the interactive MATCH Uncertainty Elicitation Tool will be used in which experts can 
specify the uncertainty around the anticipated mean relative effect. Participants are asked to 
specify the plausible parameter space based on the Roulette method (SHELF elicitation 
template), in order to retrieve the prior mean and variances for the model parameters. We 
will make use of the Roulette method, because this method is experienced as most intuitive 
by participants.4 Participants are asked to provide motivation for their answers in order to 
reduce biases and increase the interpretation of results and potential outliers. No seed 
variables were included in the interview protocol (actual values are known to analysts but 
unknown to experts) to minimize the burden and time investments  for participants ( a 
minimum of 8 to 10 variables is required to use the seed variables for the analysis).1 The 
MATCH Elicitation software (MATCH tool) will be used for recording of quantitative 
answers, and detailed notes are taken for the qualitative answers during and after the 
interview. The expert elicitation protocol will be piloted among two experts. 
4. Preparation of the elicitation session 
Experts will receive an email with background information and the overall study objective, 
and are asked to participate in the study. During the interview (of about 45 minutes), the 
experts will receive additional information on the study aim, background of the researcher 
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(PHD candidate researching cost-effectiveness on the Healthy Primary School of the Future 
initiative), the interventions, and the elicitation procedure.  
Background information on the problem 
School-based lifestyle interventions have the potential to generate outcomes within and 
beyond childhood, due to the likely persistence of health behaviours and excess weight over 
time, and because excess weight is associated with considerable morbidity, mortality, and 
cost impacts from young adulthood onwards. Ignoring these long-term outcomes most likely 
underestimates the value of school-based lifestyle interventions. In order to employ obesity 
models for estimating the long-term cost-effectiveness of school-based lifestyle interventions, 
it is key to plug the evidence gap between the time horizon of empirical studies and young 
adulthood. Estimating outcomes for the unobserved period comes, however, with 
uncertainty.  
Goal 
The aim of this study is to model the BMI trajectories for children (4-12 years of age) who 
participated in the ‘Healthy Primary School of the Future’ project up to young adulthood (20 
years of age). BMI trajectories are modelled ‘the Healthy Primary School of the Future’ 
(HPSF) and the ‘Physical Activity School’ (PAS), and for a control group without any 
intervention. We aim to obtain information on the extent of the uncertainty associated with 
plugging this evidence gap. We will therefore ask you some questions on the long-term 
unobserved effects and the uncertainty around these values.  
Uncertainties  
Most of the empirical studies on childhood lifestyle interventions include a school cohort, 
with children from varying ages (e.g. children in the age range 4-12 years), which are 
followed over the time horizon of the empirical study with an average duration of 1-4 years. 
Given the limited time horizon of most empirical studies, the weight trajectories of individual 
children are usually partially observed during the primary school period. We distinguish two 
uncertainties that are associated with plugging the evidence gap between. The first type of 
uncertainty pertains to the primary school period (4-12 years of age corresponding to the 
Dutch setting). Children are still exposed to the intervention, but the effects are partially or no 
longer observed within the empirical study. The second type refers to the uncertainty on the 
relative effect after the primary school period when children when exposure to the 




In an expert interview, the templates of the Sheffield Elicitation Framework (SHELF) and the 
web-based MATCH Uncertainty Elicitation Tool will be used for presenting questions and to 
guide the elicitation of uncertainty information.4 The interview will motivate the respondents 
to explain and provide rationale for their answers. Participants will be asked how difficult it 
was for them to answer the questions, and which background/expertise they found useful 
for answering the questions.  
 
We will ask you to provide your view on the uncertainties that I just explained. I provided 
background information on the problem and the aim of this interview. I will provide you with 
some information on childhood BMI development and provide relevant data. You are also 
invited to add relevant literature. I will then ask you to make some estimates. We will use this 
to explore the different views on the uncertainty of extrapolating childhood weight 
trajectories. I will ask you to define a range of plausible values, and which values you 
consider more or less plausible. We will ask you to provide your personal view. We will 
interview multiple experts to obtain multiple views on this topic. 
 
We will show you a grid comprising a number of columns and a range of possible values of 
X. These columns are called bins. We will ask you to specify the bin boundaries, which 
indicate the lowest and the highest plausible values of X. You will get a number of counters; 
each of them represents an amount of probability. You will receive 10 counters, so each of 
them represents a probability of 0.1 (10%). You are asked to place the counters in the bins 
on your grid, to specify your beliefs about X. Please check if you have used all your 
counters. 
Questions 
1A. Are the observed relative effects of HPSF and PAS after 2 years, representative for the 
entire primary school period if children are exposed to the interventions during the entire 
primary school period? Why?  
1B. Realistically, what is the lowest plausible value for the relative effect of HPSF versus 
control schools at age 12 (end of primary school period)? 
Realistically, what is the highest plausible value for the relative effect of HPSF versus control 
schools at age 12 (end of primary school period)? 
Please place the counters on the presented grid to represent your beliefs regarding the 
uncertainty on the relative effect. 
Idem for PAS. 
2A. Are the observed relative effects representative for the period after the primary school 
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period (corresponding to age 13 up to 20 years of age) when children are no longer 
exposed to the primary school interventions? Why? 
2B. Effect maintenance or decay is expressed in percentages: 0% (no sustained effects) – 
100% (all effects maintained). 
Realistically, what is the lowest plausible value for the effect maintenance of HPSF versus 
control schools at age 20 (end of primary school period)? 
Realistically, what is the highest plausible value for the effect maintenance of HPSF versus 
control schools at age 20 (end of primary school period)? 
Please place the counters on the presented grid to represent your beliefs regarding the 
uncertainty on the effect maintenance. 
Idem for PAS. 
5. Elicitation of expert judgments 
To capture the variation in the experts’ set of assumptions, qualitative answers will be 
analysed after the interviews with thematic content analysis (MO and DDBG). Mechanisms 
of effect maintenance will be specified using the context-mechanism-outcome configuration 
of the realist evaluation method.5 Scenarios are drafted for the effect maintenance during the 
primary school period (1), and after the primary school period (2) (MO and DDBG).  
A member check questionnaire (written) will be used to verify and validate the interpretation 
of experts’ answers. Based on a summary of the participant’s answers (drafted by MO), 
participants are asked whether they recognize their answers, and whether something is 
missing or unclear. In addition, critical peer review between two authors (MO and DDBG) 
will be performed to check the interpretation and aggregation of outcomes in scenarios. The 
synthesized information will also be part of the member check (synthesized member check).6  
Participants are asked about whether they recognize their views in one of the scenarios, if 
something is missing, and are asked to indicate the likelihood of each of the scenarios. This 
information will be used to update the synthesized results.  
Possible aggregation and reporting 
Differences in judgements between experts might stem from different background information 
on which the experts make their judgement or from different schools of thought.7 Diversity of 
expert views itself carries valuable information and should be part of the open reporting of 
the study results. We will examine whether disparate views are present. We will do this via 
first synthesizing the views on the uncertainties that emerge from the qualitative questions. 
Scenarios will be described, and participant quotations will be presented.  Due to limitations 
in time, and to keep the interview concise, we will not include seed variables for determining 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure A3.1 Histogram of fitted values with model 1 (column 1), and fitted values with model 2 (column 2) 
for boys at control schools with an average SES. 
 Notes: BMI = body mass index; IOTF = International Obesity Task Force; SES = socioeconomic 


































































Figure A3.2 Histogram of fitted values with model 1 (column 1), and fitted values with model 2 (column 2) 
for girls at control schools with an average SES. 
 Notes: BMI = body mass index; IOTF = International Obesity Task Force; SES = socioeconomic 





Table A4.1 Observed and predicted BMI values. 
 Predicted values Model 1 
control schools, average SES 
Predicted values Model 2 
control schools, average SES 
FDGS 
 Mean [95% CI] Median [IQR] Mean [95% CI] Median [IQR] Median 
Boys      
Age 12 19·27 [16·57 ; 20·35] 18·74 [3·78] 18·87 [16·19 ; 20·15] 18·31 [3·96] 17·75 
Age 13  19·88 [16·81 ; 21·05] 19·29 [4·24] 19·43 [16·41 ; 20·80] 18·77 [4·39] 18·31 
Age 14  20·31 [16·94 ; 21·64] 19·57 [4·70] 20·01 [16·61 ; 21·64] 19·25 [5·03] 18·94 
Age 15  20·47 [16·79 ; 21·98] 19·74 [5·19] 20·59 [16·89 ; 22·39] 19·72 [5·50] 19·59 
Age 16  20·40 [16·49 ; 22·07] 19·58 [5·58] 21·24 [17·10 ; 23·28] 20·22 [6·18] 20·21 
Age 17  19·88 [15·85 ; 21·68] 19·03 [5·83] 21·86 [17·35 ; 24·07] 20·71 [6·73] 20·78 
Age 18  18·89 [14·84 ; 20·79] 17·88 [5·96] 22·53 [17·56 ; 24·94] 21·25 [7·38] 21·26 
Age 19  17·71 [13·70 ; 19·56] 16·68 [5·86] 23·26 [17·85 ; 25·56] 21·81 [7·72] 21·68 
Age 19 * NA NA 22·95 [17·98 ; 25·36] 21·67 [7·38] 21·68 
Age 20 16·00 [12·12 ; 17·65] 15·03 [5·53] 24·01 [17·99 ; 26·67] 22·34 [8·67] 22·07 
Age 20 * NA NA 23·34 [18·37 ; 25·75] 22·06 [7·38] 22·07 
Girls      
Age 12 19·46 [16·86 ; 20·63] 18·77 [3·77] 18·98 [16·53 ; 20·16] 18·25 [3·64] 18·21 
Age 13  20·20 [17·26 ; 21·43] 19·38 [4·17] 19·50 [16·77 ; 20·94] 18·71 [4·17] 18·83 
Age 14  20·92 [17·66 ; 22·29] 20·04 [4·63] 20·06 [17·07 ; 21·54] 19·08 [4·47] 19·47 
Age 15  21·60 [17·98; 23·11] 20·56 [5·14] 20·61 [17·31 ; 22·28] 19·54 [4·97] 20·06 
Age 16  22·28 [18·29 ; 23·87] 21·08 [5·57] 21·21 [17·57 ; 23·01] 19·98 [5·44] 20·58 
Age 17  22·82 [18·53 ; 24·48] 21·48 [5·95] 21·81 [17·86 ; 23·81] 20·36 [5·94] 21·01 
Age 18  23·22 [18·58 ; 25·09] 21·69 [6·51] 22·45 [18·20 ; 24·65] 20·98 [6·45] 21·36 
Age 19  23·43 [18·56 ; 25·31] 21·88 [6·75] 23·08 [18·37 ; 25·19] 21·35 [6·82] 21·63 
Age 19 * 23·49 [18·85 ; 25·36] 21·96 [6·51] NA NA 21·63 
Age 20 23·74 [18·57 ; 25·82] 21·99 [7·25] 23·77 [18·76 ; 25·99] 21·92 [7·24] 21·85 
Age 20 * 23·71 [19·07 ; 25·58] 22·18 [6·51] NA NA 21·85 
Notes: BMI = body mass index, CI = confidence interval, FDGS = Fifth Dutch Growth Study, IQR = interquartile 
range, NA = not applicable, SES = socioeconomic status. * Calibration based on the trend in the Fifth Dutch 
Growth Study (see main text) 





































































Figure A4.1 Histogram of fitted values with model 1 (column 1), and fitted values with model 2 (column 2) 
for boys at control schools with an average SES. 
 Notes: BMI = body mass index, IOTF = International Obesity Task Force. Red vertical line = IOTF 
cut-off points for childhood overweight and obesity (age- and sex-specific).9 
































































Figure A4.2 Histogram of fitted values with model 1 (column 1), and fitted values with model 2 (column 2) 
for girls at control schools with an average SES. 
 Notes: BMI = body mass index, IOTF = International Obesity Task Force .Red vertical line = IOTF 
cut-off points for childhood overweight and obesity (age- and sex-specific).9 
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Appendix 6 
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This study estimated the lifetime cost-effectiveness and equity impacts associated with two 
lifestyle interventions in the Dutch primary school setting (targeting 4-12 year olds). 
 
Methods 
The Healthy Primary School of the Future (HPSF; a healthy school lunch and structured 
physical activity) and the Physical Activity School (PAS; structured physical activity) were 
compared to the regular Dutch curriculum (N=1676). An adolescence model, calculating 
weight development, and the RIVM Chronic Disease Model, calculating overweight related 
chronic diseases, were linked to estimate the lifetime impact on chronic diseases, quality 
adjusted life years (QALYs), healthcare, and productivity costs. Cost-effectiveness was 
expressed as the additional costs/ QALY gained and we used €20,000 as threshold. 
Scenario analyses accounted for alternative effect maintenance scenarios and equity 
analyses examined cost-effectiveness in different socioeconomic status (SES) groups. 
 
Findings 
HPSF resulted in a lifetime costs of €773 (societal perspective) and a lifetime QALY gain of 
0.039 per child versus control schools. HPSF led to lower costs and more QALYs as 
compared to PAS. From a societal perspective, HPSF had a cost per QALY gained of 
€19,734 versus control schools, 50% probability of being cost-effective, and beneficial 
equity impact (0.02 QALYs gained/child for low versus high SES). The cost-effectiveness 
threshold was surpassed when intervention effects decayed over time. 
 
Interpretation 
HPSF may be a cost-effective and equitable strategy for combatting the lifetime burden of 
unhealthy lifestyles. The win-win situation will, however, only be realised if the intervention 
effect is sustained into adulthood for all SES groups. 
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Background 
Physical inactivity, unhealthy diets, overweight, and obesity are among the leading risk 
factors for the burden of disease in many countries worldwide.1,2 Before 1990, less than 
35 percent of Dutch adults were overweight or obese, which has increased to more than 
50 percent in 2018.3 This trend is burdensome, because excess weight is a risk factor for 
(early) development of chronic diseases and concomitant quality of life losses, premature 
death,4 and costs.5-7 School-based lifestyle interventions are viewed as a promising strategy 
to reduce the overweight-related burden as attitudes and behaviours can be changed more 
easily as compared to later stages in life.8-10 
 
Insight on the short, medium, and long-term impacts on health, healthcare costs and costs in 
other sectors is essential to inform implementation and investment decisions on school-based 
lifestyle interventions. In addition to an overall cost-effectiveness outcome, decision-makers 
should be informed on how this estimate changes under different circumstances and choices. 
Firstly, there is uncertainty on the persistence of the intervention effect from childhood into 
early adulthood.11,12 Secondly, school-based lifestyle interventions may not only impact on 
healthcare cost but may also affect productivity in later life. Productivity impacts are, 
however, not always included in cost-effectiveness studies on these interventions. Thirdly, 
there is a high need for interventions that reduce (or at least do not widen) the disparities in 
health outcomes between people with a high and low socioeconomic position. Trade-offs 
can occur when an intervention is cost-effective but increases disparities in health outcomes 
(e.g. high SES group benefits more). Cost-effectiveness estimates for different socioeconomic 
status (SES) groups can be used to inform potential trade-offs between efficiency and 
equity.13 
 
In the Southern region of the Netherlands, two new healthy school environments have been 
introduced which aimed at enhancing health promotion in the Dutch primary school setting 
(corresponding to 4-12 year olds).14 The Healthy Primary School of the Future (HPSF) 
included a daily healthy school lunch and mid-morning snack and a daily structured 
physical activity program, while the Physical Activity School (PAS) focused on the structured 
physical activity program only. The implementation process and the 2-year (cost-) 
effectiveness have been previously examined.15,16 In the current study, the lifetime cost-
effectiveness and equity impacts of the interventions were compared to the regular school 
curriculum. Cost-effectiveness was assessed from a healthcare and societal perspective. 
Scenario analyses were undertaken to assess the influence of alternative effect maintenance 





The methods and results of this economic evaluation were reported according to the 
Consolidated Health Economic Evaluation Reporting Standards (CHEERS) Statement (see 
checklist in Appendix 1). 
Strategies 
The ‘Healthy Primary School of the Future’ initiative aimed to integrate health promotion in 
the Dutch primary school setting, which starts at 4 years of age until 12 years of age.14 
Three strategies were compared: 
1) Healthy Primary School of the Future (HPSF).  
 A healthy morning snack and daily healthy lunches were provided in combination with 
structured sessions including sports, play, and creative activities. To facilitate the 
implementation of activities the school day was extended with about 30 minutes.14  
2) Physical Activity School (PAS).  
 This school environment targeted physical activity only by offering the structured 
sessions including sports, play, and creative activities during the lunch break.  
3) Regular school curriculum in Dutch primary schools.  
 Control schools maintained the normal school curriculum (no interventions). 
 
In a quasi-experimental study, HPSF (2 schools) and PAS (2 schools) were followed from 
2015 to 2019, and compared to 4 control schools from the same region (Parkstad region, 
Dutch Province of Limburg).14 At baseline 1403 (60.3%) out of 2326 invited children 
participated in data collection. Bartelink et al. (2019) analysed the 2-year effects of HPSF 
and PAS versus control schools on dietary and physical activity behaviour, and BMI z-
score.15,17 These effects are based on all participants who were enrolled at schools from 
baseline onwards (and had a two-year intervention exposure) and participated in at least 
one of the measurement waves (N=1676, control: N=661, HPSF: N=537, PAS=478). See 
Appendix 2 for the baseline characteristics of the study sample. 
Cost-effectiveness modelling 
A lifetime horizon was adopted, starting at age 4. Two periods were distinguished: 1) 
childhood and adolescence and 2) adulthood. The lifetime health and cost impacts of HPSF 
and PAS were modelled through the changes in BMI development. For children receiving 
the regular school curriculum, it was assumed that BMI and weight status did only change 
depending on age. Outcomes were expressed in quality-adjusted life years (QALYs), which 
combines the impact on health-related quality of life (HRQOL) and length of life. Cost-
 Lifetime cost-effectiveness and equity impacts 
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effectiveness was assessed from a healthcare perspective and societal perspective (including 
productivity costs). 
Childhood and adolescence 
The childhood and adolescence model covered the period from 4 up to 20 years of age. 
The health state transition model consisted of three weight categories: normal weight, 
overweight, and obesity. The model was implemented in Microsoft Excel with a cycle length 
of one year. 
Information on children’s BMI development was obtained from a previous study.18 In this 
study, BMI values were extrapolated until 20 years of age. Based on the 2-year effect on 
BMI z-score, it was calculated that the the effects of HPSF and PAS on BMI were 
-0.21 kg/m2 [95% CI: -0.38; -0.05] (HPSF) and -0.17 kg/m2 [95% CI: -0.33; 0.00] (PAS) 
as compared to control schools.15,18 The entire trajectory was lowered, assuming that the 
observed relative intervention effects were fully maintained until 20 years of age (reference 
scenario: constant intervention effects). BMI values were converted into weight categories by 
using the Dutch reference values for the skewness and variation and the age- and sex-
specific international cut-off points (IOTF) for childhood overweight and obesity.19,20  
The costs associated with delivery of HPSF and PAS were previously estimated.21 The net 
societal intervention costs were the sum of material costs and time investments (for HPSF and 
PAS vs. control schools). The costs reflected a ‘steady state’, representing the costs for 
routine implementation in daily practice.22 Costs were updated to 2018 prices using 
consumer price indexes. For the societal perspective (€0.96 [HPSF] and €2.16 [PAS] per 
child per day), the extended school day at HPSF was valued as a productivity gain for 
caregivers as they could spent this time on work. For the healthcare perspective (HPSF: 
€4.47 per child per day), this productivity-related cost offset was not included (see 
Appendix 2). School absenteeism days were selected as indicator of productivity in 
childhood. Information on HRQOL weights, healthcare costs (general practitioner and 
specialist visits), and school absenteeism days for normal weight, overweight, and obese 
children and adolescents were obtained from the literature (see Appendix 2). Inputs 
collected with the quasi-experimental study were used in sensitivity analyses as they were 
derived from a relatively small number of children (4%, 44 children were obese at baseline). 
Costs and QALYs were calculated for each age cohort between 4-12 years of age, and 
were aggregated based on the number of Dutch 4-12 year-olds (2019) to calculate the 
results for a school cohort. Detailed information on the model inputs and assumptions can be 
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Adulthood 
The RIVM Chronic Disease Model (CDM) was used for projecting effects from 20 years of 
age until the cohort reached 100 years of age.23 This probabilistic health economic model 
with the Markov property estimates the prevalence, incidence, and mortality of chronic 
diseases based on changes in risk factors. The model was built in R version 3.5.1. In the 
current study, the proportions of weight categories (normal weight, overweight, and obesity) 
were used to estimate the lifetime incidence of obesity-related chronic diseases and other 
diseases during the life years gained. Utilities, healthcare costs, and mortality were 
dependent on the prevalence of chronic diseases. Information on the RIVM CDM and the 
key inputs can be found in Appendix 3 and Table 1. Cost data were indexed to the Dutch 
2018 price level using consumer price indexes. Productivity losses in adulthood were 
incorporated through the relation between weight category up to 67 years of age and the 
number of annual sick leave days from work as reported by Lehnert et al. (2014).24 
Analyses 
The per child health effects (QALYs) and costs for the childhood and adolescence period 
and the adulthood period were summed up. Costs and effects were adjusted for the 
differences in time at which they occur with a discount rate of 4% and 1.5% per year, 
respectively, according to the Dutch guidelines for costing in economic evaluations.20 
Incremental cost-effectiveness ratios (ICERs) were calculated by dividing the change in costs 
between the alternatives by the change in QALYs. Under a healthcare perspective, the 
change in costs between the strategies was determined by the intervention costs and the 
differences in healthcare costs. For the societal perspective, the differences in school 
absenteeism costs and productivity costs in adulthood were also included. Interventions were 
considered to be cost-effective if the ICERs did not exceed the willingness to pay thresholds 
of €20,000 per QALY gained.25 
Sensitivity and effect maintenance scenario analyses 
Inputs were varied in univariate deterministic sensitivity analyses to explore the impact of 
input parameters on the results (Appendix 3). Probabilistic sensitivity analyses calculated the 
probability of cost-effectiveness in relation to the uncertainty in the input parameters 
(Appendix 4). For the childhood model, results were based on 500 draws per age cohort, 
whereas 100 random draws were used in the adulthood model. We performed scenario 
analyses for effect maintenance. In a previous study, we elicited expert opinions on the 
maintenance of intervention effects from the primary school period after the observed two-
Chapter 8 
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year period into young adulthood (20 years of age).18 This resulted in three potential 
pathways that were used in scenario analyses (Box 1). 
 
Box 1 Effect maintenance scenarios. 
Equity analyses 
Children’s socioeconomic background was measured as the combination of maternal 
education and paternal education level, and household income adjusted for household size, 
and was categorized in three groups (low, middle and high SES).15 The SES-specific 
intervention effects were included in the childhood model.17 Equity impacts were represented 
by the difference in health outcomes between the low and high SES group.  
The relationship between equity impacts and cost-effectiveness was presented in an equity-
efficiency impact plane, displaying the (potential) trade-off between cost-effectiveness and 
health equity.13 To specify this trade-off we converted cost-effectiveness and health equity 
impacts to a health metric. The net health equity impact was expressed as the absolute 
difference in QALY gains between the high and low SES group. The net cost-effectiveness or 
net total health impact was calculated as follows: overall QALY gains – (difference costs/ 
willingness to pay threshold). After two years of intervention, no statistical significant 
differences were found for the BMI-effects between SES groups.17 It is, however, not clear if 
effects can be equally maintained in all SES groups. Experts indicated that effect 
Reference scenario: Constant intervention effect 
It was assumed that the 2-year intervention effects were maintained over the entire lifespan. 
 
Alternative effect maintenance scenarios 
 
Scenario 1: Constant- and decreasing intervention effect 
It was assumed that effects would remain constant with continued exposure during the primary school period. 
Effects would decay after primary school when the intervention exposure ends.  
This scenario corresponded to a relative BMI effect of -0.04 kg/m2 (HPSF and PAS) at 20 years of age.  
 
Scenario 2: Increasing- and decreasing intervention effect 
It was assumed that parental involvement would lead to the uptake of behaviour changes by the household 
over time, leading to more favourable effects during the primary school period with continued exposure. Effects 
would decay after primary school when the intervention exposure ends. This scenario corresponded to a 
relative BMI effect of -0.06 kg/m2 (HPSF) and -0.04 kg/m2 (PAS) at 20 years of age. 
 
Scenario 3. Increasing intervention effect 
It was assumed that intensive parental involvement would lead to the uptake of behaviour changes by the 
household. This would lead to sustained behavioural changes during and after the primary school period. 
This scenario corresponded to a relative BMI effect of -0.50 kg/m2 (HPSF) and -0.21 kg/m2 (PAS) at 20 
years of age. 
 
See full details elsewhere.18 
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maintenance throughout adolescence may be higher for children with a high SES 
background as compared to children with a low SES background.18 We therefore also 
compared the increasing intervention effects scenario (until 20 years of age) for the high SES 
group to the constant- and decreasing intervention effect scenario for the low SES group. 
Results 
Table 2 shows the health outcomes and costs. For illustrative purposes, Figure 1 shows that 
from young adulthood onwards, HPSF and PAS resulted in a reduction of chronic diseases 
(e.g. diabetes and knee/hip arthrosis). The avoided cases of chronic diseases reached their 
maximum around 70 years of age. Subsequently, the differences in disease numbers 
declined because individuals that were exposed to HPSF and PAS lived longer and 
experienced chronic disease during these life years gained.  
 
Table 2 Health effects and cost impacts of HPSF and PAS for the childhood and adulthood life span 
(per child). 
Perspective Deterministic results (discounted) Control 
schools 
PAS HPSF 
Healthcare Intervention costs 1  - €1,587 €3,279 
Childhood and adolescence (4 – 20 years of age)    
Healthcare costs €4,855 €4,854 €4,854 
Years with overweight  2.718 2.569 2.532 
Years with obesity  0.396 0.371 0.365 
QALYs 12.803 12.806 12.807 
Adulthood (20 years of age – death)    
Healthcare costs of obesity-related and indirect diseases €244,680 €244,978 €245,043 
LYs 52.131 52.157 52.163 
QALYs 39.362 39.390 39.397 
Lifetime    
Healthcare costs €249,535 €249,832 €249,896 
 
QALYS  52.164 52.196 52.203 
Societal Intervention costs 1  - €1,587 €702 
Childhood and adolescence (4 – 20 years of age)    
Productivity costs (school absenteeism) €1,813 €1,808 €1,807 
Adulthood (20 years of age – death)    
Productivity costs (sick leave days)  €8,031 €7,798 €7,748 
Lifetime    
 
Productivity costs €9,844 €9,606 €9,554 
Notes: BMI = body mass index; HC = healthcare; HPSF = the Healthy Primary School of the Future; LYs = life years; 
PAS = the Physical Activity School; QALYs = quality-adjusted life years. Costs discounted at 4% and effects 
discounted at 1.5% per year. 1 The average intervention cost for a school cohort (targeting children from all primary 
school grades). For the intervention costs under the healthcare perspective, the productivity-related offsets due to 
the extended school day at HPSF were excluded (see main text). 
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The lifetime QALYs per child amounted to 52.164 (control schools), 52.196 (PAS) and 
52.203 (HPSF). Under a healthcare perspective, the lifetime cost were €249,535 (control 
schools), €251,419 (PAS) and €253,175 (HPSF) per child. The lifetime cost per QALY 
gained amounted to €58,698 for PAS vs. the regular school curriculum. The lifetime cost per 
QALY gained was €248,206 for HPSF vs. the next best alternative (PAS). When adopting a 
societal perspective, the total cost were €259,380 (control schools), €260,152 (HPSF) and 
€261,025 (PAS). The lifetime cost per QALY gained was €19,734 for HPSF versus the 
regular school curriculum. HPSF was dominant over PAS, as PAS had a higher cost and a 
lower QALY gain as compared to HPSF (Table 3). 
Sensitivity and effect maintenance scenario analyses 
The parameters in the childhood and adolescence model had little influence on the lifetime 
cost-effectiveness results (Table 4). When HRQOL in the adulthood model was determined 
by weight category instead of by chronic disease, the cost per QALY gained decreased. In 
contrast, a shorter time horizon, discount rates of 3% and short-term intervention cost instead 
of steady state cost drove up the cost-effectiveness results. 
Under a healthcare perspective, the regular school curriculum had the highest probability of 
being cost-effective (Table 3, Figure 2). For the societal perspective, HPSF had a 50% 
probability of being cost-effective at the €20,000 threshold (66% at the €25,000 
threshold) (Figure 2). Cost-effectiveness was also assessed for alternative effect maintenance 
scenarios. The increasing intervention effects scenario (assuming uptake of behaviour 
changes by the household) resulted in the lowest cost per QALY gained (Table 5 and Figure 
2). The cost per QALY gained under the healthcare perspective declined to €51,934 for 
PAS vs. control (reference: €58,698), but the regular school curriculum had the highest 
probability of being cost-effective. For a societal perspective, HPSF became cost-saving in 
comparison to the regular school curriculum when assuming increasing intervention effects 
(reference: €19,734 (Table 5) and HPSF had a 85% probability of being cost-effective. 
































Figure 1 Differences in diabetes and knee arthrosis prevalence numbers. 
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Figure 2 Probability of cost-effectiveness (cost-effectiveness acceptability curve). 
 Notes: HPSF = the Healthy Primary School of the Future; PAS = the Physical Activity School; UP = 
usual practice, regular school curriculum. Dashed lines represent the probability of cost-effectiveness 
for HPSF and PAS under the alternative scenarios. The probability of cost-effectiveness for UP in these 
scenarios is not presented. 
Equity analyses 
HPSF and PAS led to more health benefits and a lower cost per QALY gained in the low SES 
group as compared to the high SES group. Under a healthcare perspective, PAS fell in the 
lose-win quadrant of the equity-efficiency impact plane: the cost-effectiveness of PAS vs. the 
regular curriculum exceeded the willingness to pay threshold and had a harmful cost-
effectiveness impact (-6207 QALYs per 100,000 persons). On the other hand, PAS resulted 
in a beneficial equity impact (76 QALYs gained per 100,000 persons for the low versus 
high SES group). Under the societal perspective, HPSF fell in the win-win quadrant of the 
equity-efficiency impact plane: the cost-effectiveness of HPSF vs. the regular curriculum fell 
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below the willingness to pay threshold and had a positive cost-effectiveness impact 
(52 QALYs gained per 100,000 persons). At the same time, HPSF also led to a positive 
equity impact (185 QALYs gained per 100,000 persons). Under the hypothetical situation 
that the effects would only be maintained throughout adolescence in the high SES group 
(decreasing intervention effect scenario in low SES groups), HPSF vs. control schools would 
lead to a win-lose situation: a beneficial cost-effectiveness impact but a harmful health equity 



























Figure 3 Equity-efficiency impact plane. 
 Notes: HPSF = the Healthy Primary School of the Future; PAS = the Physical Activity School. Health 
impact expressed in QALYs per 100,000 persons. × = increasing intervention effects for the high 
socioeconomic group and constant intervention effects for the low socioeconomic group; * = 
increasing intervention effects for the high socioeconomic group and decreasing intervention effects 
for the low socioeconomic group. 
 Lifetime cost-effectiveness and equity impacts 
247 
Discussion 
Delivering HPSF and PAS to a cohort of primary-school based children (age 4-12 years) 
resulted in a lifetime QALY gain of 0.039 (HPSF vs. control schools) and 0.032 (PAS vs. 
control schools) per child. Under a healthcare perspective, the costs of HPSF and PAS per 
QALY gained exceeded the Dutch threshold value for prevention.25 When additionally 
including the impacts on productivity (societal perspective), HPSF was marginally cost-
effective in comparison with PAS and the regular curriculum (HPSF vs. regular curriculum: 
€19,734 per QALY gained; had a 50% probability of being cost-effective; HPSF was 
dominant compared to PAS). In addition, HPSF had a favourable health equity impact in 
comparison to the regular school curriculum (more QALY gains for the low versus the high 
SES group). This win-win situation did, however, not apply if effects decayed after the 
primary school period or if effects were only maintained in high SES groups. 
 
The findings show that the future health and cost impacts of HPSF and PAS are influenced by: 
the in/exclusion of productivity costs (1), and the assumptions pertaining to the maintenance 
of the intervention effect (2). The additional costs of HPSF (HPSF vs control schools) were 
lower under the societal perspective than under the healthcare perspective. This was due to 
the impact of the extended school day on productivity of parents, of excess weight on school 
absenteeism, and of morbidity on productivity in later life. Other studies also showed that 
cost-effectiveness outcomes for school health promotion are substantially lower under a 
societal perspective, and some interventions even become cost-saving.26,27 Including 
productivity impacts may be relevant in order to gain a full insight into the societal benefits of 
school health promotion, but it remains unclear whether these impacts are considered 
important for decision-making on these interventions.   
 
Two assumptions were made regarding the maintenance of the intervention effect: 1) effect 
maintenance during childhood until young adulthood (20 years), and 2) effect maintenance 
during adulthood. In the main analysis it was assumed that the observed effects were fully 
maintained into young adulthood (constant relative effects). The scenario analyses showed 
that the cost-effectiveness results were sensitive to the assumptions on the effect maintenance 
until adulthood. In a previous study, expert elicitation revealed that intervention effects could 
only be maintained into adulthood if the changes in healthy eating and physical activity 
behaviours are be adopted by the household.18 Intensive parental involvement is likely 
required for this so-called effect transfer. Some effect decay may be therefore likely. Follow-
up measurements (without additional interventions) in secondary school could be undertaken 
to examine the effect maintenance and reduce the uncertainty around future benefits. The 
feasibility, costs, and effects of additional actions such as intensive parental involvement 
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(particularly for low SES families) and intervention continuation in secondary schools could 
be examined to foster future impacts.  
The effects of the primary-school based lifestyle interventions in adulthood were modelled by 
adjusting the proportion of normal weight, overweight, and obesity at 20 years of age (see 
adulthood model). The probabilities of moving from one weight category to another were 
not adjusted, which implied that the relative intervention effect fades out over the lifetime 
(e.g. a person eventually moves to the same weight category as in the usual practice 
situation).  
 
We included the SES-specific BMI-effects of HPSF and PAS and calculated the 
corresponding lifetime impacts. The main findings showed that the intervention effects and 
cost-effectiveness outcomes were in favour of the low SES group (reference scenario). It is 
not known whether the (unobserved) effect maintenance will differ between SES groups. 
Considering expert beliefs that effects may be only maintained in high SES groups, a trade-
off between cost-effectiveness and health equity will occur. The calculations were based on 
the presumption that SES does not vary over time, because we did not have detailed 
information on the tracking of children’s socioeconomic position into young adulthood. In 
reality, children may obtain a different SES position as compared to their parents, induced 
by the current educational and labour opportunities. We expect that this applies to children 
from both low and high SES groups (with equal relative differences), as the relative 
differences in primary school advices in the Netherlands have been stabilized.28 We, 
therefore, think that the dynamic character of children’s SES may not greatly affect the 
estimated lifetime equity impact. Monitoring of the dynamic character of SES is, however, 
advisable to test this assumption, and to contribute to the inclusion of SES in population 
health models. 
 
We assessed the cost-effectiveness of HPSF and PAS for a school cohort of 4-12 year old 
children. Alternatively, an age-cohort such as all 8-year old children (average age) school 
could have been selected which led to a lower cost per QALY gained. We felt that 
modelling the impact for a school cohort was most in line with the quasi-experimental study, 
which focused on assessing effectiveness instead of efficacy. Furthermore, we included 
HRQOL weights related to chronic diseases and excess weight. Further studies on the 
HRQOL effects of excess weight in different subgroups (e.g. age and sex) could contribute to 
a more precise estimation of the health impacts of obesity prevention programs. Last, it 
should be noted that the intervention effects of HPSF and PAS were based on the effects after 
two years of implementation. We are currently examining the effects and cost-effectiveness 
after the four-year intervention period. 
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Conclusions 
Given the societal benefits and the Dutch threshold for prevention, HPSF is a marginally cost-
effective strategy for combatting the lifetime burden associated with unhealthy lifestyles when 
assuming constant relative effects. In addition, HPSF has the potential to reduce health 
inequalities over the lifespan. Implementation is, however, associated with uncertainty: HPSF 
will not result in a win-win situation if effects fade out during adolescence and/or effects are 
only maintained among children with a high socioeconomic background. It is therefore 
paramount to enact upon the uncertain effect maintenance by means of follow-up 
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Appendix 2 
Details and assumptions pertaining to the childhood and adolescence model 
A. Assumptions for model input parameters 
Population. All 4-12 year-olds in the Netherlands are enrolled at primary schools and 
exposed to HPSF and PAS. In order to calculate the average QALYs and costs for a school 
cohort of primary school-aged children (4-12 year olds), the results were aggregated 
based on the number of Dutch 4-12 year-olds (2019).1 
 
Relative intervention effects. Information on children’s BMI development was obtained 
from a previous study.2,3 In the probabilistic analysis, a negative gamma distribution was 
used to ensure that the relative effects on BMI range from zero to minus infinity (and thus 
reflect reductions in BMI for HPSF and PAS versus control schools). In a sensitivity analysis 
this assumption is relaxed by assuming a normal distribution. BMI values were converted into 
weight categories by using the Dutch reference values for the skewness and variation of the 
childhood BMI distribution and the age- and sex-specific international cut-off points (IOTF) 
for childhood overweight and obesity.4,5 
 
Intervention costs. The intervention costs were estimated for a future steady state and were 
informed by expert opinion.6 In the calculation of the intervention costs from a societal 
perspective, the duration of the extended school day was valued as a productivity gain for 
caregivers as they could spent this time on work. For the cost-effectiveness calculations under 
the healthcare perspective, this productivity-related cost offset was not included.  
 
Health-related quality of life. HRQOL weights were obtained from Brown et al. (2018), 
who meta-analysed preference-based utility values per weight category for 5-18 year 
olds.7 It was assumed that the HRQOL effects associated with overweight and obesity were 
perceived by all 4-20 year-olds and remained constant over time. In a sensitivity analysis, 
the HRQOL effects were not applied during the primary school period, based on the 
inconclusive findings on the HRQOL effects for young children.7 Analysis of EQ5D-Y data in 
our study sample (baseline data), however, showed larger differences for children younger 
than 8 years (scored by parental proxies) as compared to older peers (scores by children 
themselves). 
 
Healthcare costs. Inputs for excess healthcare costs associated with overweight and obesity 
were obtained from Gortmaker et al. (2015), and combined with the number of healthcare 
visits and standard cost prices for children in the Netherlands.8-10 We assumed that the 
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relative risks for the impact of overweight and obesity on healthcare costs were are 
applicable for all 4-20 year-olds and remained constant over time. The healthcare costs 
were assumed to be fixed, because the data was based on a large study 
(Gezondheidsenquete, random sample of the Dutch population, N=9500) and because 
variance parameters could not be obtained. 
Productivity costs. The excess missed school days associated with overweight and obesity 
were obtained from the meta-analysis by An et al. (2017) and were combined with the 
number of missed schooldays for children with a healthy weight and the Dutch shadow price 
for school absenteeism.11-13 It was assumed that the education costs of primary schools in 
the Netherlands represented (shadow price) the 'soft costs' associated with absenteeism 
from school. These costs were applied to both the primary and secondary school period. 
 
Effect maintenance. In the constant exposure-effect scenario, we used the 2-year observed 
intervention effects instead of the probability distributions obtained from expert opinion. This 
was done in order to be able to model the SES-specific impacts for this scenario. The 
probability distributions defined by experts were also close to the analysed 2-year effects, 
because experts anticipated that the 2-year intervention effects would (more or less) remain 
constant over the primary school period.3 For the household multiplier scenario in the 
primary school period, the 2-year relative effects were first applied, after which the multiplier 
scenario started (from year 3 onwards). 
 
Equity impacts. The HRQOL effects, healthcare and productivity costs were held constant 
over the different SES groups, based on the assumption that the impacts of overweight and 
obesity on HRQOL and costs were equal for low, middle, and high SES groups. 
B. Structural model uncertainty 
The analysis adopted a societal perspective. Although intervention costs were assessed from 
a societal perspective, and both healthcare and productivity costs were included, it may not 
reflect a full societal perspective. Other potential impacts are:  
- Wellbeing losses experienced by caregivers due to the forgone caregiver time as result of 
the extended school day at HPSF. 
- Stigmatization/ bullying and wellbeing effects related to overweight and obesity and 
related to the interventions at HPSF and PAS. 
- Wellbeing effects (effects not fully captured with the EQ5D-Y instrument) due to improved 
lifestyle behaviours. 
- The impact of improved lifestyle behaviours on school behaviours and school outcomes: 
e.g. concentration, cognitive and non-cognitive functioning. 
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Appendix 3 
Details and assumptions pertaining to the adulthood model 
A. Assumptions for model input parameters 
Chronic disease model. The RIVM Chronic Disease Model (CDM), a probabilistic health 
economic model with the Markov property, estimates the prevalence, incidence, and 
mortality of major chronic diseases based on changes in risk factors.14 Risk factors for which 
the impact on chronic diseases can be modelled are, for example, smoking, body mass 
index, physical activity, and fruit and vegetable intake. In the CDM, body weight is defined 
by three classes: normal weight, overweight (BMI 25-30 kg/m2), and obesity (BMI 
≥30 kg/m2).5 
 
Chronic diseases. Obesity-related diseases in the CDM include myocardial infarction 
(AMI), angina pectoris, chronic heart failure, stroke, renal, colorectal, breast, prostate, and 
endometrium cancer, diabetes mellitus, hip and knee arthritis, and low back pain. The CDM 
also describes the independent effect of diseases on other diseases (i.e. persons with 
diabetes have a higher risk of myocardial infarction compared to persons without diabetes, 
independently from overweight).14 In addition, changes in non-overweight related diseases 
may occur during life years gained. This may be caused by interventions that result in an 
increase of life years, which are not likely to be lived in full health (i.e. incidence of lung 
cancer during added life years in case of obesity prevention). Indirect related diseases are 
chronic obstructive pulmonary disease (COPD), lung, stomach, esophagus, larynx, bladder, 
pancreas, and oral cavity cancer.15 
 
Utilities. The health state utilities in the CDM were obtained from the Dutch Burden of 
Disease Study containing utilities for several chronic diseases.16 The health state utilities for 
overweight and obesity are not included. Therefore, gains in quality of life result from 
decreases in the prevalence of chronic diseases, and not from weight loss only. Proportional 
utility weights for QALYs were used in the CDM, which implies that the disability of 
comorbidity increases with the number of diseases present, however this effect is less than 
additive.15 
Healthcare costs. The model used data of the Dutch Cost of Illness Study for the Dutch 





Discounting. Because obesity prevention was applied in the primary school period, we 
further discounted the healthcare costs and effects over 12 years, spanning the time from 
childhood (mean 8 years of age) into young adulthood (20 years of age). 
 
Productivity costs. Productivity losses in adulthood were incorporated through the relation 
between weight category up to 67 years of age and the number of annual sick leave days 
from work as reported by Lehnert et al. (2014).18,19 
B. Structural model uncertainty 
The analysis adopted a societal perspective. Although both healthcare and productivity 
costs were included, it may not reflect a full societal perspective. Other potential impacts are: 
- Stigmatization and wellbeing effects related to overweight and obesity. 
- Wellbeing effects (effects not fully captured with the EQ5D-Y instrument) due to improved 
lifestyle behaviours. 
- The impact of improved lifestyle behaviours on school outcomes and productivity in later 
life. 
 




Univariate sensitivity analysis 
 No overall effects were found in the analysis of baseline HRQOL data from the quasi-
experimental study (EuroQol-5D Youth instrument). Similarly, Brown et al. (2018) report 
that the evidence on the impact of overweight and obesity on HRQOL in young children 
is scarce and inconclusive.7  
 Ratio of healthcare costs for overweight and obesity vs. normal weight based on the 
quasi-experimental study. For obese children who incurred any healthcare costs, we 
found a rate ratio of 1.87 for general practitioner related healthcare consumption and a 
rate ratio of 1.59 for specialist visits as compared to normal weight children. 
 Ratio of annual school absenteeism days for overweight and obesity vs. normal weight 
based on the quasi-experimental study. We found a ratio 1.21 for overweight children 
and a ratio of 1.59 for obese children as compared to children with a normal weight. 
 HRQOL determined by weight status instead of by chronic disease in adulthood. The 
HRQOL benefits (for intervention versus control) are accrued later in time when they are 
exclusively linked to the occurrence of chronic disease as when they are related to 
weight status directly. For this, we used a disutility of 0.017 per unit increase in BMI and 
assumed and an average 5-unit BMI difference between the weight classes (normal 
weight, overweight and obesity).20 
 Time horizon till age 70 years. 
 Short-term cost of HPSF and PAS (at year 1 and year 2) instead of the estimated long-run 
costs only.6 
 Discount rates of 3% for both costs and effects. 
Probabilistic sensitivity analyses 
Childhood and adolescence model 
Probabilistic analyses were run for every age-cohort. It was assumed that the number of 
simulations per age cohort and the limited number of probabilistic input parameters 




A probabilistic sensitivity analyses was conducted to account for the uncertainty in input 
parameters. The intervention effect, prevalence rates of weight class in adulthood, and the 
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disease prevalence and incidence were included as probabilistic parameters. The 
uncertainty of the intervention effect was incorporated by including the overweight and 
obesity prevalence rates at young adulthood as probabilistic parameters. This uncertainty 
parameter reflected the boundaries of the 95% confidence interval of the intervention effect 
on body mass index. The overweight and obesity prevalence rates at 20 years of age were 
included as multivariate normal distributions with a perfect correlation. Results were 
analysed as the mean of 100 replications based on random draws of the probabilistic 
parameters. 
 
Results were summed up, assuming independence between the probabilistic results of the 
childhood and adulthood model. 
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The demand for healthcare is rising due to the ageing population and the increasing 
incidence of chronic diseases.1 Transformations are needed to keep our health system 
affordable and accessible.2 Overweight is one of the leading contributors of chronic 
disease.1,3 Currently, more than half of Dutch adults are overweight. Given the high 
prevalence and avoidable nature of overweight, the need for prevention rather than cure is 
nowadays extremely relevant.2,4 
 
Promoting healthy lifestyles from early ages onwards is key for preventing overweight from 
the start, and for investing in children’s current and future health and wellbeing.5 Through 
offering lifestyle programs via schools, children from all backgrounds can be reached. There 
is a general agreement that school health promotion should be comprehensive, consist of 
sustained efforts, and should be evidence-based.6,7 Implementation of comprehensive 
strategies, also known as whole-school approaches, requires involvement of multiple parties 
consisting of teachers, parents, policy makers, and profit and non-profit organizations such 
as childcare partners and caterers. Deciding upon implementation and investment (a so-
called adoption decision) is, however, difficult as investments in terms of scarce time and 
financial resources precede the potential future benefits of school health promotion.  
 
Economic evaluation is developed as a method to support decision-makers in making the 
best choices under uncertainty, conflicting objectives, and resource constraints.8 By 
assessing the investments and benefits on the short, medium, and long term, health-economic 
evidence can inform decisions on school health promotion. 
 
This thesis had three aims: 1) assessing to which extent school health promotion contributes 
to children’s health and wellbeing (Chapter 2 and 3), 2) identifying employed methods for 
evaluating the health-economic impact of school health promotion (Chapter 4), and 3) 
investigating the short and long-term health-economic impact of the Healthy Primary School 
of the Future initiative (Chapter 5, 6, 7 and 8). This chapter summarizes and discusses the 
main findings, elaborates on implications, and presents recommendations for research, 
policy, and practice.  
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Summary of main findings 
1.  To which extent can school health promotion contribute to children’s 
health and wellbeing on the short-term? 
Health is disproportionally distributed over socioeconomic groups, favoring individuals with 
a high socioeconomic position. In order to tackle this socioeconomic gradient, interventions 
aim at improving health behaviors among low socioeconomic status groups.9  
 
Chapter 2 looked at the presence of socioeconomic disparities in health-related outcomes 
among children and examined the role of health behaviours. We studied two-year follow-up 
data of 1259 children, and found that children with a higher socioeconomic background 
had more favourable health outcomes (body mass index [BMI], health resource use, school 
absenteeism, health-related quality of life, and psychosocial health) in comparison with 
children from a lower socioeconomic background. After adjustment for other factors, 
children with a low socioeconomic background had on average a 0.42-point higher 
standardized BMI value [95% confidence interval: 0.22 to 0.62] and a 2.21 times higher 
healthcare consumption [95% confidence interval: 1.75 to 3.10] (measured in terms of 
costs) as compared to their peers with a high socioeconomic background. Health disparities 
in the study sample were not explained by differences in children’s health behaviours 
(physical activity, consumption of fruit and vegetables, and consumption of sweetened 
beverages). These results suggest that although school-based interventions may be effective 
in improving health behaviours, on the short-term they are likely not sufficient to tackle 
socioeconomic inequalities in child health. Appropriate additional actions for combatting 
child health inequity are described later in the chapter.  
 
School-based lifestyle interventions aim to put an end to the adverse cascade from 
unhealthy behaviours to overweight, metabolic consequences (e.g. high blood pressure, 
glucose intolerance), and the development of chronic disease. Chapter 3 reviewed the 
impact of primary school-based lifestyle interventions (for 4-12 year olds) on body mass 
index (BMI) and blood pressure by synthesizing the results of 85 randomized controlled 
trials. A multilevel multivariate meta-analysis was performed, which accounted for the 
dependence of effect sizes observed within the same study (e.g. for boys and girls, for 
different study arms, for BMI and blood pressure). Effects were expressed in terms of 
standardized effect sizes to facilitate the comparison between BMI and blood pressure. The 
standardized effects in the multivariate analysis were -0.054 for BMI [95% confidence 
interval: -0.131 to 0.022], -0.182 for systolic blood pressure [95% confidence interval: 
-0.266 to -0.098], and -0.144 for diastolic blood pressure [95% confidence interval: 
-0.230 to -0.057]. The stronger standardized effect sizes for systolic and diastolic blood 
 General discussion 
267 
pressure indicate that (some) effects on blood pressure may accrue independently of the 
effects on BMI.  
2.  Which methods are used for evaluating the health-economic impact of 
school health promotion? 
Researchers face methodological challenges in assessing the cost-effectiveness of both 
health promotion programs and childhood interventions.10-12 Examples of these challenges 
include the following: including benefits in addition to health outcomes (‘beyond-health’ 
outcomes), measuring and valuing costs and outcomes in children, and incorporating effects 
on other persons than the targeted child (e.g. family, community).11 Guidelines for health 
economic evaluations are traditionally made for clinical interventions that aim at better 
curing disease in adults, and do not address how to handle the aspects that specifically 
pertain to health promotion and childhood interventions.  
 
In Chapter 4, we reviewed the designs of economic evaluations on primary school-based 
lifestyle interventions and made suggestions for advancement. The results showed that 
economic evaluations differed on the selection of cost and outcomes, time horizon, valuation 
of outcomes, the extrapolation of outcomes, and consideration of effect decay over time. 
The majority of studies used the cost-effectiveness (CEA) or cost-utility (CUA) framework, 
which condensed the outcomes of school health promotion in weight-related outcomes or in 
quality-adjusted life years (QALYs) and did not explicitly capture outcomes in others and 
non-health outcomes (e.g. cognitive performances, bullying, community involvement, and 
satisfaction). Overall, these current studies may not optimally inform decision-making on 
school health promotion, because decision-makers outside the healthcare sector do not 
work with the CEA and CUA outcomes, and because the studies do not report on the 
changes in social, emotional, and educational outcomes.13 We advocate that economic 
evaluations should move towards a more societal and multi-outcome perspective that 
considers costs and outcomes beyond the healthcare sector and accounts for outcomes in 
children as well as in other persons.11,14,15 
3. What is the short- and long-term health-economic impact of the Healthy 
Primary School of the Future initiative? 
In 2015, a quasi-experimental study started, which examined the implementation and 
effects of the Healthy Primary School of the Future initiative. Two school environments were 
launched: ‘the Healthy Primary School of the Future’ (HPSF) and ‘the Physical Activity 
School’ (PAS). The quasi-experimental study followed children at HPSF (2 schools), PAS 
(2 schools), and control schools (4 schools).16 In this thesis, the short, medium, and long-
term economic impacts of HPSF and PAS were researched. As such, we examined the case 
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for investing in the continuation and dissemination of the Healthy Primary School of the 
Future initiative.  
 
Chapter 5 details the cost structure of school-based lifestyle interventions and calculates the 
costs of delivering HPSF and PAS. A societal perspective was taken, which accounted for the 
time and material investments for all stakeholders. The net societal costs (for HPSF and PAS 
versus the regular school curriculum) reflected an ‘opportunity cost’ – the sum of all 
monetary and non-monetary investments that could not be used for another strategy. The 
societal costs were calculated for the first year of implementation and for a future 
hypothetical state in which learning effects and efficiency improvements had already 
occurred (steady state). The most expensive and recurrent costs were made for the provision 
of daily healthy lunches and a morning snack (HPSF: €2.00 per child per day in a steady 
state) and for the time investments of pedagogical employees from childcare organizations 
(€3.28 for HPSF and €1.28 for PAS per child per day). The delivery of HPSF also resulted in 
forgone household expenses for children’s lunches and morning snacks (€1.86 per child per 
day). In addition, the extension of the school day at HPSF was valued as a delivery-related 
cost-saving, because parents could spent this time on work or other activities (valued at 
€3.51 per child per day). Overall, this resulted in a net societal cost of €2.68 (HPSF) and 
€3.16 (PAS) per child per day for the first year of implementation and in a net cost of €0.96 
(HPSF) and €2.16 (PAS) in a steady state. These results indicate that an ongoing societal 
investment is needed to deliver HPSF and PAS. An equitable and sustainable distribution of 
investments over schools, parents, the private sector, and the government is paramount to 
facilitate continued implementation of the interventions. Given the relatively high personnel 
cost, task shifting between professionals (teachers, teaching assistants, and pedagogical 
employees from childcare partners) may lower the cost of HPSF and PAS. 
 
Chapter 6 looked at whether HPSF and PAS generated ‘value for money’ after two-years of 
intervention implementation. A social return on investment (SROI) analysis was undertaken to 
examine the outcomes of both interventions.17 Where possible, the SROI converts outcomes 
into monetary units to calculate a ratio of financial returns and investments. The effects of 
HPSF and PAS on health-related quality of life (HRQOL), healthcare consumption, and 
school absenteeism could be converted to euros with available standard cost prices and 
proxy values. As the changes in these outcomes were small (and not statistically significant), 
they did not outweigh the societal costs of HPSF and PAS (financial benefits minus 
investments; -€2.66 [HPSF] and -€3.03 [PAS] per child per day). Other outcomes could not 
be expressed in monetary units; HPSF and PAS contributed to healthy weight development 
and resulted in favourable changes in healthy eating and physical activity (HPSF).18,19 In 
addition to the changes in health, various non-health effects were observed. Children’s 
social behaviours improved, an increase in community engagement was observed, and 
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children and parents reported to be satisfied with the changes. The impact on educational 
performances was not yet measured. Overall, the results indicate that under the prerequisite 
of generating financial returns, HPSF and PAS were not cost-effective after two years of 
intervention. Under the prerequisite that school health promotion strategies should be 
effective in promoting physical and social health, particularly HPSF may represent value for 
money, but this depends on the value that decision-makers attach to these outcomes. 
 
Guidelines for economic evaluations recommend including all relevant differences in cost 
and outcomes between the intervention and the comparator strategy. The health outcomes 
and cost savings of school health promotion extend into adolescence and adulthood due to 
the increased risk of overweight on chronic disease. Modelling techniques are used to make 
predictions on the avoided cases of chronic disease, healthcare costs, and quality of life. 
When modelling these long-run intervention impacts, assumptions have to be made on the 
maintenance of the intervention effect over time. 
 
Chapter 7 focused on modelling plausible BMI trajectories up to early adulthood (20 years 
of age) after exposure to primary school-based lifestyle interventions. Empirical data on BMI 
was combined with elicitation of expert views on trends in effect maintenance. Firstly, BMI 
data from the quasi-experimental study was used to model BMI development for children at 
control schools up to 20 years of age. In a reference scenario, the BMI trajectories for HPSF 
and PAS were simulated by lowering the entire BMI trajectory with the observed two-year 
relative effects of HPSF and PAS.18 Secondly, experts’ views on the effect maintenance after 
the observed two-year period were elicited in a qualitative and quantitative manner. This led 
to the identification of three alternative effect maintenance scenarios. In the first scenario, 
effects would likely be fully maintained during the primary school period and then decay 
due to the influences of an uncontrolled environment (the physical, social and cultural 
circumstances at secondary schools, sport clubs, home etc.). The second scenario was that 
effects could be maintained or even increase with continued intervention exposure if 
behaviour changes are adopted by the household. Effects would likely decay after the 
primary school period. The last scenario included favourable effects during and after the 
primary school period, because parental involvement and behaviour changes in the 
household could lead to sustained effects. The relative effects at 20 years of age for HPSF 
ranged from -0.21 kg/m2 in the reference scenario to -0.04 kg/m2 to -0.50 kg/m2 under 
the alternative scenarios. The relative effects of PAS versus control schools ranged from -
0.17 kg/m2 in the reference scenario to -0.04 kg/m2 and -0.21 kg/m2 in the alternative 
scenarios. Intensive parental involvement and intervention continuation were perceived as 
key mechanisms in generating sustained effects and enhancing future impacts. The study 
showed that a mixed-methods approach is useful for specifying the uncertainty on the effect 
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maintenance of primary school-based lifestyle interventions. The results can be used to 
inform decision-making by providing insights on knowledge gaps in effect maintenance 
(qualitative results), and by providing the quantitative inputs for estimating the long-term 
health and cost impacts.  
 
Chapter 8 modelled the lifetime cost-effectiveness and equity impacts of HPSF and PAS. The 
costs and outcomes of HPSF and PAS were compared to the regular school curriculum. 
Firstly, a childhood model was built (up to 20 years of age) to project the changes in 
overweight and obesity prevalence rates, QALYs, healthcare costs, and school absenteeism 
costs. Secondly, an adult population health model (RIVM Chronic Disease Model) was used 
to project the changes in chronic disease, QALYs, healthcare costs, and productivity costs 
over the remaining lifespan. For the main analysis it was assumed that the observed 2-year 
effects were maintained (constant relative effects). Additional scenario analyses examined 
the impact of alternative assumptions pertaining to effect maintenance. A constant- and 
decreasing effect maintenance scenario assumed effect decay after the primary school 
period until 20 years of age. An increasing- and decreasing scenario and a increasing 
effect maintenance scenario assumed that continued exposure with parental involvement 
would lead to more favourable effects during primary school period and effect decay or 
maintained effects  after the primary school period. Subgroup analyses were performed to 
assess the impacts on QALYs and cost-effectiveness for different socioeconomic groups. 
From a healthcare perspective, the costs of HPSF and PAS per QALY gained exceeded the 
Dutch threshold value for prevention of €20,000 / QALY gained. (PAS vs. control: 
€58,698, HPSF vs. PAS: €248,206 / QALY gained). When additionally including 
productivity costs (societal perspective), the extra costs per QALY gained for HPSF remained 
below the Dutch threshold (HPSF vs. control schools: €19,734 / QALY gained; 50% 
probability of being cost-effective, HPSF led to lower costs and more QALYs in comparison 
with PAS). Based on the intervention effects per SES group, HPSF and PAS resulted in 
beneficial equity impacts (more QALY gains for the low versus the high socioeconomic 
group). The win-win situation for HPSF, beneficial cost-effectiveness and equity impact, will, 
however, only be realised under the condition that effects are maintained into young 
adulthood among all SES groups (constant relative effects and increasing effects scenario). 
Implications and recommendations for research, policy, and 
practice 
The implications and recommendations that follow from the study findings are centred 
around the following themes: developing actions to address health inequity, measuring 
 General discussion 
271 
health outcomes, examining the perspectives on the value of school health promotion, and 
investing in school health promotion under uncertainty.  
Addressing health inequity 
Chapter 2 showed that health-related outcomes in children were disproportionally 
distributed over socioeconomic groups, disadvantaging children with a lower 
socioeconomic background. Although school-based interventions may be generally effective 
in improving health behaviours, the analysis suggested that childhood health inequalities 
cannot easily be tackled by promoting healthy behaviours. I perceive that broader actions 
are needed to diminish the presence of child health inequities for the next generation. The 
reason for this is that children’s health is not solely determined by physical activity and 
dietary behaviour, but is also influenced by other conditions, such as family structure, 
parental mental health, and family unemployment and debts.20 These behavioural, material, 
social-environmental, and psychosocial factors are also known as the social determinants of 
health.21,22 Broad actions targeting the interplay between social health determinants are also 
known as health-in-all policies because they stretch out over several policy domains, 
including education, housing, employment, and welfare.21,23 Without such multisectoral 
policies, I am afraid that child health inequalities will stay prevalent for years. The need for a 
multisectoral approach evokes challenges for policy and practice on, for example, 
arranging collaborations and balancing efforts and investments over policy areas.24 The 
focus on multisectoral policies also leads to new research questions: what set of determinants 
should be addressed in childhood, what is the relative value of combining interventions and 
addressing multiple determinants, and what research designs are most appropriate for 
evaluating the credentials of multisectoral policies? 
Chapter 8 showed that implementation of school-based lifestyle interventions can lead to a 
trade-off between health equity and (cost-)effectiveness. Interventions may be (cost-) 
effective for the whole group, but can widen inequalities or vice versa. This trade-off was 
particularly present if intervention effects could be maintained among children with a high 
socioeconomic background, but not among children from lower socioeconomic households.   
Recommendations 
 Further research should focus on the development of health inequalities in childhood 
and adolescence and examine the key modifiable determinants.25 This should be 
investigated by adopting a life course perspective, which recognizes that a person’s 
health is shaped by behavioural, material, and social-environmental factors at different 
critical moments in life.25 Ideally, this research should incorporate multiple generations, 
because health inequalities emerge early in life, and because it may take a long time 
before intervention effects settle in.8 
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 Implementation of health-in-all policies is challenging. Amongst others, it requires a 
shared vision, accountability, funding arrangements, and a balanced distribution of 
efforts.24,25 An evaluation framework could be helpful to create a shared understanding 
on determinants and indicators of health and health inequity, and could contribute to 
specifying the goals of policies.26,27 To make such a framework, evaluation frameworks 
for school-based lifestyle interventions could be extended with determinants and 
outcomes falling in different policy areas.28 
 In addition to assessing overall cost-effectiveness, equity impacts can be analysed by 
performing subgroup analysis, examining the distribution of costs and effects over 
equity-relevant subgroups. Consequently, trade-offs can be specified by calculating the 
costs of fairer but less cost-effective strategies in terms of health forgone (expressed in 
QALYs).29 Additionally, the preferences for overall health (keeping people as healthy as 
possible), affordability of health care, and inequity (supporting vulnerable people) 
could be specified at the national level. This could aid in weighting cost-effectiveness 
and equity, and in making and substantiating implementation strategies.30 
 To enhance future impacts and promote health equity, it is warranted to focus on 
parental involvement in all households, and in low socioeconomic households 
particularly. 
Measuring health outcomes associated with school health promotion 
BMI is frequently used for examining the health impact of school-based lifestyle interventions 
because it is non-invasive, easy to measure, and inexpensive. A disadvantage is that BMI 
does not discriminate between harmful fat mass and lean mass and is therefore not very 
sensitive in measuring children’s metabolic health.31,32 This is supported by the findings of 
Chapter 3. In this study, it was shown that school health promotion could have favourable 
effects on blood pressure levels, which may accrue independently of the effects on BMI. 
Longitudinal measurement of weight-related outcomes together with metabolic parameters 
would aid in our understanding of whether interventions can prevent unhealthy behaviours 
and the related harm for children’s health. To improve evaluation in practice, we should 
strive to balance the quality and comprehensiveness of outcome measures on the one hand 
with feasibility considerations, invasiveness, and resource constraints on the other hand. 
Recommendations 
 To move towards cardiovascular prevention, the American Heart Association 
introduced the concept of ideal cardiovascular health. Ideal cardiovascular health in 
adults is based on seven components: smoking, BMI, physical activity, diet, blood 
pressure, total cholesterol, and glucose. The concept of ideal cardiovascular health has 
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also been examined in children, which showed that poor cardiovascular health is 
already prevalent at young ages and is predictive of cardiovascular health in pre-
adolescence.33-35 To adopt a comprehensive view on the health impact of school health 
promotion, I advocate to examine changes in behavioural, weight-related 
(anthropometric), and metabolic outcomes. Further research should focus on the 
feasibility and measurement burden of combining these outcome measures. Careful 
consideration should be given to the invasiveness and the measurement burden for 
healthy children. To this regard, I suggest to prioritize the measurement of blood 
pressure levels for evaluating the metabolic effects of school health promotion 
programs. 
 There is an ongoing debate on which weight-related outcome discriminates best 
between healthy children and children with an elevated cardio-metabolic risk.36 
Although waist circumference and waist-to-height ratio may be better indicators of 
children’s abdominal fat mass than BMI,31 the impacts on BMI can be used for 
comparison between interventions and can serve as an input for modelling medium and 
long-term impacts. Until more evidence becomes available, I advise to combine BMI 
with other anthropometric measurements such as waist circumference or waist to height 
ratio. 
Perspective on the value of school health promotion 
Economic evaluations aim to assess the relative value of interventions by synthesizing 
information on costs and outcomes. Various countries have recommended to express cost-
effectiveness of health interventions as a ratio of differences in costs and differences in 
QALYs (one QALY representing one year lived in full health).37 Multiple health decision-
bodies nowadays work with this measure and have defined a threshold value: a critical 
value for the cost per QALY gain up to which an intervention is considered acceptable. The 
cost per QALY outcome promotes a standard cost-effectiveness assessment, facilitates 
comparisons across interventions, and makes cost-effectiveness appraisals explicit. A 
disadvantage is that the cost per QALY outcomes does not include all costs and outcomes 
pertaining to school-based lifestyle interventions. To be able to include different costs and 
outcomes, alternative frameworks have been used in employed economic evaluations on 
school-based lifestyle interventions (Chapter 4). The resulting heterogeneity in included 
costs and outcomes, and cost-effectiveness outcomes implies that several operationalisations 
exist regarding the cost-effectiveness of primary school-based lifestyle interventions. Or, as 
Then et al. (2017) put it: “the glasses used for analysis can have different strengths, coloured 
lenses, and designs. Concrete decisions when identifying, measuring, and monetising 




The heterogeneity (Chapter 4) hinders decision-makers in examining the relative value of a 
specific intervention over another strategy. To solve this problem, it has been suggested to 
express outcomes into monetary terms and compare the costs with the total ‘financial’ value 
of the outcomes as an aggregated measure of cost-effectiveness.11,39 Chapter 6 showed 
that assessing short-term cost-effectiveness in this way is particularly difficult as most 
outcomes are intermediate measures and qualitative outcomes, which cannot be easily 
converted to monetary terms. Currently, there are no guidelines on how to value non-
monetary outcomes. Discrete choice experiments and contingent valuation studies 
(willingness-to-pay studies) have been carried out to value various outcomes,40,41 but 
designing such studies is challenging because the valuation is dependent on how you ask it 
and whom you ask (e.g. the general public, decision-makers, or the target group). 
Standardization on the inclusion, measurement, and valuation of cost and outcomes could 
enhance the usefulness of economic evidence in decision-making processes. It is, however, 
a misconception that a complete standardized evaluation framework would be most 
optimal.  
Decisions on the implementation and investments in school health promotion are made by 
multiple groups (teachers and school boards, parents, (semi)-governmental parties, private 
and non-private partners et cetera). These decision-makers have different backgrounds and 
remits. As a result, there can be numerous perspectives on the value of school health 
promotion programs. For instance, some decision-makers may prioritize effects on children’s 
physical health, while others may give more weight to social behaviours or educational 
outcomes.42,43 It is therefore difficult to aggregate valuations made by multiple decision-
makers into one overall cost-effectiveness outcome and assessment. Instead of fully unifying 
cost-effectiveness assessments to support decision-making, I advise to tailor (economic) 
evidence to the preferences and needs of decision-makers. Without tailoring, economic 
evidence is not fully usable for decision-making, because the provided information does not 
align with someone’s preferences and information needs.44  
To be able to tailor information it should be clear what decision-criteria are important for 
school-based lifestyle interventions. This is not always the case because decision-making is 
also determined by governance principles such as the co-production of policy, shortcuts 
(e.g. emotional shortcuts), and bounded rationality (e.g. the tendency to base decisions on 
our familiarity with information). By means of tailored (economic) evidence, it becomes 
easier to interpret information and to use information in appraising the value of school-based 
lifestyle interventions. A better understanding of the heterogeneity in decision-criteria 
between people can also facilitate dialogue between decision-makers and aid in gaining 
support for an intervention. 
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Recommendations 
 Economic evaluations should present information on the short, medium, and long-term 
benefits of school health promotion. Information on long-term benefits provides 
information on the full merits of an intervention, while information on short-term benefits 
can inform stakeholders on the investments that they have to make and the immediate or 
near outcomes for them.  
 Research could examine methods for valuing social and educational outcomes. Some 
advancements in this area are made as child-specific quality of life and wellbeing 
instruments and valuation methods are developed. Another method for valuing 
outcomes that can be further examined is the wellbeing valuation approach. With this 
method, the impact of certain outcomes on wellbeing is measured as well as the impact 
of income on wellbeing. As such, the change in outcomes can be linked to required 
changes in income.45 46 It is, however, not clear whether this approach can adequately 
account for children’s preferences. 
 Transparent reporting on the measurement and valuation of costs and outcomes is 
paramount.41,47,48 This information is important to assess whether cost-effectiveness 
results can be compared. For example, it is important to be careful with benchmarking 
cost-effectiveness results when there is a lot of variation in the employed methods for 
valuing outcomes. Guidelines for conducting and reporting on outcome valuation could 
focus on what is valued, how the valuation procedure is performed (accounting for 
biases such as limited cognitive abilities), and who values outcomes (general public or 
specific decision-maker groups).41 Stated preference research on how parents value 
caregiver time could contribute to valuing time in economic evaluations on school 
health promotion. 
 Several authors have suggested to develop a core outcome set to promote 
standardization of economic evaluations on school-based lifestyle interventions. 14,49 A 
core outcome set typically details an agreed set of outcomes that should be minimally 
measured and reported. To advance the evaluation on school-based lifestyle 
interventions, a core outcome set could be extended with decision criteria beyond cost-
effectiveness (e.g. feasibility, acceptability, equity and sustainability), measurement 
indicators and instruments, and valuation methods. To promote the tailoring of 
information, core outcome sets could be combined with a ‘heat map’ in which different 
(groups of) decision-makers can indicate the importance of decision criteria, costs, and 
outcomes. As such, the designs of economic evaluations can be better aligned to the 
information needs of decision-makers.  
 Additionally, multi-criteria decision analyses can be employed for identifying the criteria 
and outcomes and that are considered in appraisals on the value of school health 
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promotion (e.g. affordability or physical health). This type of analysis can also provide 
insight on the relative importance of the criteria and outcomes. Discussions between 
decision-makers and evaluators on the pathways between investments, activities, and 
outcomes could also aid in detecting differences in value judgements. The findings can 
be used to define a set of criteria that should be minimally evaluated and for tailoring 
information to the needs of decision-makers (e.g. by aligning the presentation of 
information with the prioritization of decision-criteria).  
 Further research on the intersection of research and policy-making could be carried out 
to examine how (modelled) health economic evidence can be communicated in a clear, 
concise, and applicable way. This is key, as limited experience, time, resources, and 
capacity are regularly mentioned as barriers for the uptake of evidence in decision-
making.  
Investment on school health promotion under uncertainty 
Decisions on primary school-based lifestyle interventions are long-term plans; they aim to 
promote healthy behaviours and maximize health and wellbeing in the near and longer 
future. As such, it is inevitable that implementation and investment decisions have to be made 
before complete evidence on the impact is available. When deciding upon investments for 
school health promotion strategies, we thus anticipate on changes to occur.50 In order to 
assess whether an investment is affordable and offers value for money, it has to be clear 
what costs and benefits are relevant for the investment decision. Chapters 5 and 8 showed 
that these decisions, particularly with regards to the inclusion of productivity-related cost 
savings, lead to a substantial variation in the results. Whereas HPSF and PAS did not offer 
sufficient value for money when only including health impacts, this conclusion altered when 
additionally including productivity impacts. 
Chapter 7 revealed that experts consider several trends on effect maintenance plausible. 
This implies that there is no single model for describing the expected medium and long-term 
impacts of primary school-based lifestyle interventions. People may prefer to ignore this type 
of uncertainty as communicating uncertainty may stand in the way of providing a clear 
message to decision-makers and because ignoring uncertainty will simplify choices. 
Moreover, decision-makers do not always have formal techniques in place to handle 
uncertainty in decision-making.51 This does not alter the fact that neglecting uncertainty can 
be risky and costly on the longer run. Ultimately, ignoring uncertainty on the long-term 
benefits of primary school-based lifestyle interventions is not a desirable way to go. Here lies 
a challenge for research and practice to find a common ground on how to address 
uncertainty. In this thesis, the uncertainty on the effect maintenance of school-based lifestyle 
interventions was condensed in scenarios (Chapter 7). It was shown that the cost-
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effectiveness of HPSF and PAS is highly dependent on the expected maintenance of the 
intervention effects (Chapter 8).  
Recommendations 
 Ongoing implementation and dissemination of HPSF shows that it is feasible to distribute 
investments for school health promotion over schools, governments, parents, and 
private partners. These results should be compared with other experiences in other 
regions to explore how investments can be distributed to promote the affordability of 
school health promotion, and accommodate a sustainable nationwide implementation 
of HPSF.  
 To best inform decision-making it is recommended to assess the cost-effectiveness of 
school health promotion programs from at least both a healthcare and a societal 
perspective. 
  The future impacts are uncertain, mainly due to the various possible trends in the effect 
maintenance. Follow-up measurements could be undertaken to assess the relative 
intervention effects over time, which would reduce the uncertainty around the estimated 
future benefits. Both premature and delayed decisions can result in economic loss and 
suboptimal health and wellbeing.52 It is therefore recommended to weigh the costs and 
benefits of acquiring more information. For example, value of information analysis 
could be employed to calculate the maximum accepted costs of acquiring further 
information.  
 It should be recognized that effect maintenance will likely not occur without additional 
efforts. Intensive parental involvement and/or intervention continuation in secondary 
schools seem key to ensure that effects can be maintained among all children, 
irrespectively of their socioeconomic background. The feasibility, costs, and effects of 
these actions should be examined.  
Conclusion 
The overall aim of this dissertation was to evaluate the health-economic impact of primary 
school-based lifestyle interventions. The research showed that most employed economic 
evaluations on school health promotion have a restricted evaluative scope oriented at 
weight-related outcomes. A broader framework should include health outcomes (measured 
by behavioural, anthropometric, and metabolic outcomes), non-health outcomes, and 
intersectoral costs. It was found that particularly HPSF represents value for money on the 
long-term if the intervention effects can be sustained over time. To enhance the maintenance 
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of the intervention effect, it is advised to strengthen parental involvement, conduct follow-up 
assessments in adolescence, and explore the possibility for intervention continuation in 
secondary school. To enhance future impacts and promote health equity, it is warranted to 
focus on parental involvement in all households, and in low socioeconomic households 
particularly. 
Over the recent years, school health promotion strategies have transformed to 
comprehensive interventions aimed at effectively targeting unhealthy behaviours. To keep up 
with these developments, research should move forward: evaluations on school health 
promotion should broaden their scope and become aligned with the information needs of 
decision-makers. To unlock the full potential of school health promotion, research and 
practice should focus on generating sustained effects and embedding school health 
promotion in multisectoral policies for health and health equity. 
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More than half of the Dutch adulthood population is currently overweight or obese. 
Overweight leads to adverse consequences in terms of disease risk, reduced quality of life, 
and high costs. As such, it is key to prevent the occurrence of excess weight from early ages 
onwards. The school setting is an adequate place for overweight prevention as young 
children from various backgrounds can be reached. Support from teachers, parents, 
policymakers, and (non)-profit partners is crucial for the implementation of school-based 
lifestyle interventions. These stakeholders decide on whether they want to engage and invest 
in the implementation of a school-based health promotion strategy (so-called adoption 
decisions). Making such adoption decisions is challenging, because investments have to be 
made when little is known yet about the likely future benefits. Economic evaluations are 
directed towards informing these adoption decisions by assessing the costs and (societal) 
benefits of interventions. 
 
The aim of this thesis is to research the health-economic impact of primary school-based 
lifestyle interventions. The studies focus on the impact of these interventions in general and on 
the value of the Healthy Primary School of the Future specifically. This thesis addresses three 
aims: 1) examining the short-term effects of school health promotion on children’s health and 
wellbeing (Chapters 2 and 3), 2) identifying the employed methods of health-economic 
evaluations of school-based lifestyle interventions (Chapter 4), and 3) assessing the short- 
and long-term health-economic impact of the Healthy Primary School of the Future 
(Chapters 5, 6, 7, and 8). 
 
Chapter 2 reports on the socioeconomic disparities in children’s health-related outcomes. 
Two-year follow-up data of 1259 children on body mass index, healthcare consumption, 
school absenteeism, quality of life, and psychosocial health was analysed. Socioeconomic 
status was measured by parental education levels (maternal and paternal) and household 
income. Mixed model analyses were used to assess the associations between 
socioeconomic status and health outcomes over time. The results showed that children with a 
higher socioeconomic background had more favourable health-related outcomes as 
compared to peers with a lower socioeconomic status. The second objective was to assess 
whether these disparities can be reduced through changes in health behaviours. The 
socioeconomic health disparities in the study sample changed very little after adjusting for 
health behaviours (physical activity, fruit & vegetable intake, consumption of sweetened 
beverages), which indicates that the socioeconomic health disparities in the study sample 
could not be explained by differences in children’s health behaviours. Overall, the results 
suggest that, on the short-term, school-based lifestyle interventions are likely not sufficient for 




Chapter 3 describes the effects of school-based lifestyle interventions on children’s body 
mass index (BMI) (weight corrected for height) and blood pressure levels. By means of a 
systematic review, we identified randomized controlled trials on school-based lifestyle 
interventions (for 4-12 year-olds) with longitudinal data on BMI and/or cardiovascular risk 
factors. The results of 85 randomised controlled trials were summarized by means of 
univariate and multivariate multilevel meta-analyses. Mixed effects models accounted for the 
dependencies of effect sizes within studies (e.g. for the effects for boys and girls, for different 
study arms, and for BMI and blood pressure). The changes in BMI, systolic, and diastolic 
blood pressure were expressed in standardized changes to allow for comparison between 
BMI and blood pressure. In the multivariate analysis, the standardized effects for blood 
pressure (systolic blood pressure: -0.182 [95% confidence interval: -0.266 to -0.098], 
diastolic blood pressure: -0.144 [95% confidence interval: -0.230 to -0.057]) were larger 
in comparison to the effects on BMI (-0.054 [95% confidence interval: -0.131 to 0.022]). 
Based on this result, we concluded that school-based lifestyle interventions have favourable 
effects on children’s blood pressure levels, which may be stronger and which can be 
accrued independently of the effects on BMI.  
 
Chapter 4 summarizes the methods of cost-effectiveness studies on school-based lifestyle 
interventions for 4-12 year olds and advises on directions for advancement. A comparison 
of 23 studies revealed that studies differed considerably, particularly with regards to the 
included costs and outcomes, time horizon, valuation of outcomes, and the extrapolation of 
outcomes over time. Most studies used a cost-effectiveness (CEA) (N=12) or cost-utility 
framework (CUA) (N=9), thereby expressing cost-effectiveness in the extra cost per weight-
related outcome or in the extra cost per quality-adjusted life year (QALY) gained. In 
addition, a social cost benefit framework (N=2) and a social return on investment (SROI) 
analysis (N=1) were used, of which only the latter included outcomes beyond health and 
outcomes in other persons than the child. As the information from the CEAs and CUAs did 
not include outcomes beyond health (social, emotional, and educational outcomes), these 
frameworks may not optimally inform decision-making on school-based lifestyle 
interventions. It should also be noted that decision-makers outside the healthcare sector may 
not work with the outcomes of CUAs and CEAs. To enhance the usefulness of economic 
evaluations on school-based lifestyle interventions in decision-making, we recommended to 
improve transparent reporting (e.g. on the chosen perspective and standard practices), 
move towards a multi-outcome framework (including multiple costs and outcomes within and 
beyond the healthcare sector), and improve standardization (e.g. minimally select BMI/BMI 




The following chapters focused on examining the health-economic impact of the ‘Healthy 
Primary School of the Future’ (HPSF) and the ‘Physical Activity School’ (PAS). HPSF and PAS 
aimed at improving children’s health and health behaviours by offering lifestyle interventions 
via primary schools. As compared to the regular educational curriculum in Dutch primary 
schools, HPSF offered daily healthy lunches and morning snacks and implemented daily 
structured physical activity sessions (consisting of structured sports activities, free play, and 
creative activities). The school lunch and physical activity sessions were led by pedagogical 
employees from childcare partners. At HPSF, the lunch break was prolonged to about one 
hour, which led to an extension of the school day with approximately 30 minutes. PAS only 
implemented the daily structured physical activity sessions (no daily healthy lunch and no 
extended school day).   
A quasi-experimental study was conducted to examine the effects of HPSF and PAS. From 
2015 onwards, a total of 8 schools in the Parkstad region in the Southern Province of 
Limburg participated in the study. Two schools became HPSF, two schools adopted the 
changes of PAS, and four schools participated as control schools. Children and their 
parents/caregivers participated in data collection between 2015 and 2019 by means of 
annual child and parental questionnaires, measurement of children’s height and weight, and 
by wearing accelerometers for measuring physical activity. 
 
Chapter 5 describes the cost structure of primary school-based lifestyle interventions and 
calculated the costs of the HPSF and the PAS. Cost items of primary school-based lifestyle 
interventions were identified from published cost-effectiveness studies. To reflect the net 
societal opportunity costs – the total amount of resources that cannot be used for another 
strategy -, the recurrent actual payments (personnel and material costs), economic costs 
(time investments that were not billed), and delivery-related offsets (cost-savings related to 
the intervention delivery and not to the intervention outcomes) were listed. Cost items 
belonged to the education sector, household and leisure sector, labour and social security 
sector, and the healthcare sector. The net societal costs (for HPSF and PAS versus the regular 
educational curriculum) were calculated for the first year of implementation and for a future 
hypothetical steady state in which further learning effects will no longer occur. The majority 
of the costs consisted of the expenses for lunches and morning snacks (€2.00 per child per 
day in a steady state) and for hiring pedagogical employees (€3.28 per child per day in a 
steady state). The cost-savings for HPSF consisted of the forgone household expenses for 
children’s lunches and morning snacks (€1.86 per child per day) and the productivity-
related savings for parents as a consequence of the extended school day (€3.51 per child 
per day). The net societal costs amounted to €2.68 (HPSF) and €3.16 (PAS) per child per 
day for the first year of implementation and to €0.96 (HPSF) and €2.16 (PAS) in a steady 
state. An equitable distribution of investments over schools, parents, the private sector, and 
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the government may foster ongoing intervention implementation. Given the high personnel 
costs, we also suggested that redistributing tasks between teachers, teaching assistants, and 
pedagogical employees could decrease the costs of the interventions. 
 
Chapter 6 examines the societal value of HPSF and PAS after two years of implementation 
by conducting a social return on investment (SROI) analysis. The two-year investments 
(based on Chapter 5) and effects (N=1676 children) of HPSF and PAS versus the regular 
educational curriculum were examined. The SROI analysis consisted of two parts: the SROI 
calculation and the SROI story. For the SROI calculation, outcomes were converted into 
monetary units (€). The effects of HPSF and PAS on health-related quality of life (HRQOL), 
healthcare consumption, and school absenteeism could be converted to euros with available 
standard cost prices and proxy values. The financial value of these outcomes (financial 
benefits) did not exceed the net societal costs of HPSF and PAS (benefits minus investments: -
€2.66 [HPSF] and -€3.03 [PAS] per child per day). The second part of the analysis, the 
SROI story, included all outcomes that could not be converted into euros. The SROI story 
showed that HPSF and PAS had a favourable effect on children’s dietary behaviour and 
physical activity and contributed to a healthy weight development. Additionally, children’s 
social behaviour improved, community engagement increased, and children and 
parents/caregivers reported to be satisfied with the interventions. The effects on educational 
performances were not yet measured. Based on the results, we concluded that HPSF and 
PAS did not generate financial benefits after two years of implementation, and were not 
considered to be cost-effective. Based on the presumption that school-based lifestyle 
interventions should improve children’s physical and social health, HPSF may particularly 
represent value for money, but this depends on the importance of these outcomes for 
decision-makers and the ‘weight’ that they give to these outcomes in the overall value 
assessment. 
 
Chapter 7 describes children’s BMI development after exposure to a primary school-based 
lifestyle intervention. In this mixed-methods study, we combined empirical data on children’s 
BMI and expert judgement on future trends in effect maintenance. Firstly, BMI data from the 
quasi-experimental study (N=1676) was used for modelling the BMI development for 
children at control schools up to 20 years of age, for boys and girls separately. 
Subsequently, the BMI development for children after exposure to HPSF and PAS was 
predicted using different scenarios. In a reference scenario, the entire BMI trajectories were 
lowered with the average observed two-year relative BMI-effect (HPSF and PAS versus 
control schools). Other scenarios were drafted by eliciting expert’s views on effect 
maintenance trends after the observed two-year period. Expert opinions (N=11) were 
elicited by using qualitative (open questions, thematic content analysis) and quantitative 
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techniques (eliciting probability distributions with the MATCH Uncertainty Elicitation Tool). 
This led to three alternative scenarios. Relative effects could remain constant during the entire 
primary school period and decay after the primary school period due to uncontrolled factors 
(physical, social, cultural factors) [1 – a constant exposure-effect and an uncontrolled 
environment with effect decay scenario]. Relative effects could also slight increase during the 
primary school period due to the uptake of behaviour changes by the household and decay 
after the primary school period [2 – a household multiplier and an uncontrolled environment 
with effect decay scenario]. Last, relative effects could be maintained or slightly increase 
during and after the primary school period due to behaviour changes in the household [3 – 
a household multiplier and maintainer scenario]. The relative effects of HPSF versus control 
schools ranged from -0.21 kg/m2 in the reference scenario to -0.04 kg/m2 and 
-0.50 kg/m2 in the alternative scenarios. The relative effects of PAS versus control schools 
ranged from -0.17 kg/m2 in the reference scenario to -0.04 kg/m2 and -0.21 kg/m2 in the 
alternative scenarios. The mixed-methods approach proved useful for specifying the 
uncertainty on the effect maintenance of primary school-based lifestyle interventions. Further 
observations until young adulthood could reduce the uncertainty around the future potential 
benefits of these interventions. 
 
Chapter 8 presents the lifetime cost-effectiveness and equity impacts of HPSF and PAS. The 
health-economic impact of HPSF and PAS was compared with the regular educational 
curriculum and calculated from a healthcare and societal perspective. In a childhood and 
adolescence model, calculating weight development until young adulthood (20 years), the 
effects of HPSF and PAS on BMI were translated to changes in weight status (normal weight, 
overweight, and obesity), QALYs, healthcare costs, and school absenteeism costs. 
Secondly, the RIVM Chronic Disease Model (RIVM-CDM) was used to project the impacts 
on chronic diseases, QALYs, healthcare costs, and productivity costs over the rest of the 
lifespan. For the main analysis it was assumed that the observed 2-year effects were 
maintained (constant relative effects). Additional scenario analyses examined the impact of 
alternative assumptions pertaining to effect maintenance. Subgroup analyses were 
performed to assess the impacts on QALYs and cost-effectiveness for different 
socioeconomic groups. From a healthcare perspective, the costs of HPSF and PAS / QALY 
gained exceeded the Dutch threshold value for prevention of €20,000. (PAS vs. control: 
€58,698, HPSF vs. PAS: €248,206 / QALY gained). When additionally including 
productivity costs (societal perspective), the extra costs / QALY gained for HPSF remained 
below the Dutch threshold (HPSF vs. control schools: €19,734 / QALY gained; 50% 




Based on the intervention effects per SES group, HPSF and PAS resulted in beneficial equity 
impacts (more QALY gains for the low versus the high socioeconomic group). The win-win 
situation for HPSF, beneficial cost-effectiveness and equity impact, will, however, only be 
realised under the optimistic condition that effects are maintained into young adulthood 
among all SES groups. 
 
Chapter 9 summarizes the study findings and reflects on the implications for research, 
policy, and practice. Firstly, the research in this thesis showed that school health promotion 
has a favourable short-term health impact. Although interventions can generally induce 
favourable health outcomes, additional multisectoral actions are warranted to effectively 
target the multiple determinants that underlie to the persisting socioeconomic disparities in 
child health. Secondly, the research showed that most employed health-economic 
evaluations did not include outcomes beyond health (e.g. social, emotional, educational 
outcomes). Further research should include outcomes beyond health and tailor information 
to the needs of decision-makers. To do so, a core outcome set could be developed including 
outcomes beyond health and criteria beyond cost-effectiveness. This core outcome set could 
also be extended with a ‘heat map’ highlighting the importance of outcomes and criteria for 
decision-makers. Thirdly, the cost-effectiveness of HPSF and PAS was examined. Although 
HPSF and PAS did not generate short-term financial returns, particularly HPSF may represent 
‘value for money’ given the favourable impact on physical and social outcomes. Given a 
societal perspective, HPSF is also considered to be a cost-effective and equitable strategy 
on the long-term, but only if effects can be maintained over time in all SES groups. Follow-up 
assessments after the primary school period could be performed to monitor effect 
maintenance and the value of additional actions, such as intensive parental involvement and 
intervention continuation in secondary schools, could be explored. 
 
 























Meer dan de helft van de Nederlanders leidt aan overgewicht. Dit heeft negatieve gevolgen 
voor de gezondheid en kwaliteit van leven en leidt tot hoge kosten. Voor een goede 
preventie van overgewicht is het belangrijk om op jonge leeftijd te beginnen. Basisscholen 
zijn hiervoor een goede plek omdat jonge kinderen van verschillende achtergronden bereikt 
worden. Voor een succesvolle implementatie van leefstijlinterventies is betrokkenheid nodig 
van leerkrachten, ouders, gemeente en/of landelijke overheid en private partijen zoals de 
kinderopvang en cateraars. Al deze partijen besluiten of zij willen deelnemen en investeren 
in de implementatie van een school gebaseerde leefstijlinterventie (een zogeheten adoptie 
besluit). Het nemen van een adoptiebesluit kan lastig zijn. Een belangrijke oorzaak hiervoor 
is dat er vaak weinig informatie is over de verwachte opbrengsten van school gebaseerde 
leefstijlinterventies op het moment dat de investeringen gemaakt moeten worden. 
Economische evaluaties geven inzicht in de kosten en (maatschappelijke) baten van 
interventies en kunnen gebruikt worden voor besluitvorming. 
 
Het doel van dit proefschrift is om inzicht te krijgen in de gezondheids-economische impact 
van leefstijlinterventies voor het basisonderwijs. De onderzoeken richten zich op de 
gezondheids-economische impact van leefstijlinterventies voor basisscholen in het algemeen 
en op de impact van de Gezonde Basisschool van de Toekomst in het bijzonder. Dit 
proefschrift heeft drie doelstellingen: 1) onderzoeken in welke mate gezondheids-
bevordering op de basisschool kan bijdragen aan de gezondheid en welzijn van kinderen 
(Hoofdstuk 2 en 3), 2) identificeren van de methoden die worden gehanteerd bij het 
evalueren van de kosteneffectiviteit van leefstijlinterventies voor het onderwijs (Hoofdstuk 4), 
en 3) in kaart brengen van de gezondheids-economische impact van de Gezonde 
Basisschool van de Toekomst op de korte en lange termijn (Hoofdstuk 5, 6, 7 en 8).   
 
Hoofdstuk 2 presenteert de sociaaleconomische verschillen in de gezondheid van kinderen. 
Voor dit onderzoek analyseerden we longitudinale gegevens (kinderen werden twee jaar 
lang gevolgd) van 1259 kinderen over gewicht (body mass index, BMI), zorggebruik, 
schoolverzuim, kwaliteit van leven en psychosociale gezondheid. Sociaaleconomische 
status was gemeten aan de hand van het opleidingsniveau van de ouders en het 
gezinsinkomen. We onderzochten de verbanden tussen sociaaleconomische status en 
uitkomsten over de tijd. De resultaten laten zien dat kinderen met een hogere 
sociaaleconomische achtergrond gunstigere gezondheidsuitkomsten hebben in vergelijking 
met leeftijdsgenoten met een lagere sociaaleconomische achtergrond. Het tweede doel van 
deze studie was om te onderzoeken om deze verschillen verkleind kon worden door 
veranderingen in gezondheidsgedrag. De associaties tussen sociaaleconomische status en 
gezondheid veranderden bijna niet wanneer we rekening hielden met het gezondheids-
gedrag (fysieke activiteit, fruit & groente inname, inname van zoete dranken) van kinderen. 
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Dit suggereert dat leefstijlinterventies op korte termijn niet alle sociaaleconomische 
verschillen in de gezondheid van kinderen kunnen wegnemen.  
 
Hoofdstuk 3 beschrijft het effect van leefstijlinterventies in het onderwijs op de body mass 
index (gewicht gecorrigeerd voor lichaamslengte) en bloeddruk van kinderen. We hebben 
een systematisch literatuuronderzoek uitgevoerd naar gerandomiseerde studies over 
leeftijlinterventies in het onderwijs (voor 4-12 jarigen) met longitudinale gegevens over BMI 
en/of cardiovasculaire risicofactoren. De gegevens van 85 gerandomiseerde studies zijn 
vervolgens geanalyseerd met univariate en multivariate multilevel meta-analyses. Met 
behulp van de multilevel methode werd gecorrigeerd voor de afhankelijkheid van 
effectgroottes binnen een studie (bijvoorbeeld voor de effecten voor jongens en meisjes, 
voor verschillende studiearmen, voor BMI en bloeddruk etc.). In de multivariate analyse 
werden veranderingen in BMI, systolische bloeddruk en diastolische bloeddruk 
gestandaardiseerd waardoor de veranderingen met elkaar vergeleken konden worden. De 
effecten op bloeddruk (systolische bloeddruk: -0.182 [95% betrouwbaarheidsinterval: 
-0.266 tot -0.098] en diastolische bloeddruk: -0.144 [95% betrouwbaarheidsinterval: 
-0.230 tot -0.057]) waren groter in de multivariate analyse in vergelijking met de 
veranderingen in BMI (-0.054 [95% betrouwbaarheidsinterval: -0.131 tot 0.022]). Hieruit 
concludeerden wij dat leefstijlinterventies voor het basisonderwijs een gunstig effect kunnen 
hebben op de bloeddruk van kinderen en dat deze (gedeeltelijk) onafhankelijk kunnen zijn 
van de effecten op BMI. 
 
Hoofdstuk 4 gaat in op de methoden die gebruikt worden bij kosteneffectiviteitsonderzoek 
naar leefstijlinterventies voor het onderwijs. We vergeleken de methoden van 23 studies en 
vonden verschillen in de aanpak van studies. Er waren met name veel verschillen in de typen 
kosten en uitkomsten die meegenomen worden in het onderzoek, de tijdshorizon, de 
waardering van uitkomsten en in de extrapolatie (het voorspellen) van uitkomsten over de 
tijd. De meeste studies hanteerden een kosteneffectiviteit (KEA) (N=12) of kosten-utiliteit 
(KUA) (N=9) raamwerk. In zulke studies wordt kosteneffectiviteit bijvoorbeeld uitgedrukt in 
de ratio van kosten en BMI-effecten of in de extra kosten per toegenomen gezond 
levensjaar (quality adjusted life year, QALY). De maatschappelijke kosten-baten analyse 
(N=2) en de social return on investment methode (SROI) (N=1) werden ook gebruikt. 
Uitkomsten buiten gezondheid en uitkomsten in andere personen dan het kind werden alleen 
meegenomen in de SROI analyse. Hoofdstuk 4 bevat ook aanbevelingen voor toekomstige 
economische evaluaties. Om de bruikbaarheid van toekomstige evaluaties te vergroten 
deden we de volgende aanbevelingen: op een transparante manier rapporteren (bijv. ten 
aanzien van het perspectief en de vergelijkingen), kosten en uitkomsten buiten gezondheid 
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includeren en standaardisatie vergroten (bijv. ten minste BMI/BMI z-score gebruiken in 
KEA’s, meerdere schattingen gebruiken voor het effectbehoud). 
 
De volgende hoofdstukken richten zich op het evalueren van de gezondheids-economische 
impact van de ‘Gezonde Basisschool van de Toekomst’ (volledige interventiescholen) en de 
‘Beweegschool’ 
(gedeeltelijke interventiescholen). Beide interventies hadden als doel om het 
gezondheidsgedrag en de gezondheid van kinderen op de basisschool te verbeteren. De 
gedeeltelijke interventiescholen (beweegscholen) verschilden van het reguliere school-
programma door het invoeren van een dagelijks gestructureerd beweegaanbod. De 
volledige interventiescholen (gezonde basisschool van de toekomst) verzorgden daarnaast 
ook een dagelijks gezonde lunch. De schoollunch en het beweegaanbod (bestaande uit 
sport, vrij spel en culturele activiteiten) werden geleid door pedagogisch medewerkers van 
de kinderopvang. Op de volledige interventiescholen werd de lunchpauze opgerekt en 
eindigde de schooldag ongeveer een half uur later. 
Een quasi-experimentele studie is uitgevoerd om de effecten van beide schooltypen te 
onderzoeken. Vanaf 2015 deden 8 scholen uit Parkstad van de onderwijsstichting Movare 
(Zuid-Limburg) mee aan het onderzoek. Twee volledige interventiescholen, twee scholen 
gedeeltelijke interventiescholen en vier controlescholen werden gevolgd. Kinderen en hun 
ouders/verzorgers werden uitgenodigd om mee te doen aan de verzameling van gegevens 
(van 2015-2019) via kind- en oudervragenlijsten, metingen van gewicht en lengte en 
metingen met behulp van beweegmeters. 
 
Hoofdstuk 5 zet de kostenstructuur van leefstijlinterventies in het onderwijs uiteen en 
berekent de uitvoeringskosten van de volledige interventieschool en de gedeeltelijke 
interventieschool. De kostenonderdelen uit gepubliceerde economische evaluaties werden 
samengevat. Kostenonderdelen behoorden tot de directe uitgaven (kosten voor personeel 
en materiaal), indirecte kosten (tijdsinvesteringen die niet zijn gefactureerd) of tot 
implementatie-gerelateerde besparingen (gerelateerd aan de uitvoering en niet aan de 
effecten van een interventie). Gezamenlijk weerspiegelen ze de netto maatschappelijke 
opportuniteitskosten – alle middelen die niet kunnen worden aangewend voor een andere 
interventie. Kosten komen terecht bij de onderwijssector, het huishouden en vrije tijds-sector, 
de arbeids- en overheidssector en de gezondheidszorg sector. De maatschappelijke kosten 
werden berekend voor het eerste jaar van uitvoering en werden geschat voor een 
toekomstige fase waarbij de implementatie volledig bestendigd is. Het merendeel van de 
kosten bestond uit de uitgaven voor de lunch en een tussendoortje (€2,00 per kind per dag 
voor de volledige interventieschool in de bestendigde fase) en het inhuren van pedagogisch 
medewerkers (€3,28 per kind per dag voor de volledige interventieschool in de 
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bestendigde fase). Bij de volledige interventieschool traden ook directe besparingen op. De 
aangeboden schoollunch leidde tot een huishoudelijke besparing (€1,86 per kind per dag). 
De verlengde schooldag op de volledige interventieschool werd ook meegenomen als een 
besparing omdat ouders/verzorgers deze tijd kunnen besteden aan werk (€3,51 per kind 
per dag). De netto maatschappelijke kosten waren €2.68 (volledige interventieschool) en 
€3.16 (gedeeltelijke interventieschool) per kind per dag voor het eerste jaar en €0.96 
(volledige interventieschool) en €2.16 (gedeeltelijke interventieschool) in de bestendigde 
fase. Deze resultaten laten zien dat een rechtvaardige verdeling van de kosten over scholen, 
ouders/verzorgers, de private sector en de overheid essentieel is om de interventies te 
kunnen continueren. Ook concludeerden we dat de personele kosten hoog waren en een 
herverdeling van taken tussen leerkrachten, onderwijsassistenten en pedagogisch 
medewerkers mogelijk kan leiden tot lagere interventiekosten. 
 
Hoofdstuk 6 beschrijft de maatschappelijke meerwaarde van de volledige en gedeeltelijke 
interventieschool na een tweejarige implementatieperiode. Hiervoor gebruikten we de social 
return on investment methode (SROI) (in Nederlands: het maatschappelijk rendement van 
een investering). De investeringen (gebaseerd op Hoofdstuk 5) en de uitkomsten (N=1676 
kinderen) voor de interventiescholen versus controle scholen werden bestudeerd. De SROI 
analyse bestond uit twee delen: de berekening van het maatschappelijk rendement en de 
(verhalende) omschrijving van het maatschappelijk rendement. Voor de berekening werden 
uitkomsten uitgedrukt in euro’s. Wij drukten de effecten van de interventiescholen op 
gezondheids-gerelateerde kwaliteit van leven, zorggebruik en schoolverzuim uit in euro’s. 
Hiervoor gebruikten we standaard kostprijzen en gepubliceerde schaduwprijzen. De 
financiële waarde van de korte-termijn uitkomsten woog niet op tegen de maatschappelijke 
uitvoeringskosten (baten minus kosten; -€2.66 [volledige interventieschool] en -€3.03 
[gedeeltelijke interventieschool] per kind per dag). Uit de omschrijving van het 
maatschappelijk rendement kwam naar voren dat de interventies een gunstig effect hadden 
op het eetgedrag, de fysieke activiteit en het BMI van kinderen. Daarnaast werd een 
verbetering in sociaal gedrag en meer betrokkenheid vanuit de omgeving van de school 
waargenomen. Ook rapporteerden ouders en kinderen tevreden te zijn over de interventies. 
De effecten op leerprestaties waren nog niet gemeten. Op basis van de bevindingen stelden 
we dat de interventies na twee jaar van uitvoering niet hebben geleid tot kostenbesparingen. 
Echter, de volledige interventieschool kan wel een investering zijn die loont vanwege de 
(niet-monetaire) uitkomsten op fysieke en sociale gezondheid, maar dit hangt af van het 
‘gewicht’ (belang) dat gegeven wordt aan deze uitkomsten in de besluitvorming. 
 
Hoofdstuk 7 omschrijft het verloop van BMI bij kinderen na blootstelling aan een 
leefstijlinterventie op de basisschool. Voor deze mixed-methods studie combineerden we 
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gegevens uit onze quasi-experimentele studie met expertoordelen over de trends in 
effectbehoud. Allereerst modelleerden we het beloop van BMI voor kinderen op controle 
scholen tot op 20-jarige leeftijd op basis van gegevens van de lengte en gewicht van 
kinderen uit onze quasi-experimentele studie (voor jongens en meisjes apart). Vervolgens 
voorspelden we het BMI-traject voor kinderen van een volledige interventieschool en de 
gedeeltelijke interventieschool. We hielden rekening met verschillende scenario’s. In het 
basis scenario (referentiescenario) verlaagden we het gehele BMI traject door de 
geanalyseerde tweejaars-effecten van de interventies toe te passen. Alternatieve scenario’s 
werden gemaakt op basis van de antwoorden van experts over de trends in effectbehoud 
na de geobserveerde periode. Expert opinie (N=11) werd verkregen door kwalitatieve en 
kwantitatieve vragen te stellen (kansverdelingen werden uitgevraagd met de MATCH 
Uncertainty Elicitation Tool). Hieruit kwamen drie scenario’s. Relatieve effecten  konden 
mogelijk gelijk blijven tijdens de basisschoolperiode en afzwakken na de basisschool 
periode door invloeden vanuit de omgeving van kinderen (zoals fysieke, sociale en culturele 
factoren tijdens de middelbare schoolperiode) [scenario 1 – constante blootstelling-effect 
en verwatering van effecten door een ongecontroleerde omgeving]. In het tweede scenario 
konden relatieve effecten tijdens de bassischool periode behouden worden of zelfs 
toenemen door het overnemen van gedragsveranderingen door het huishouden. Effecten 
zouden vervolgens afzwakken tijdens de middelbare schoolperiode [scenario 2 – 
versterking door het huishouden en verwatering van effecten door een ongecontroleerde 
omgeving]. In het derde scenario zouden relatieve effecten behouden blijven of een klein 
beetje toenemen door gedragsveranderingen in het huishouden tijdens en na de 
basisschoolperiode [scenario 3 – versterking en behoud door het huishouden]. De relatieve 
effecten voor de volledige interventieschool versus controle scholen varieerden van -0.21 
kg/m2 in het basisscenario tot -0.04 kg/m2 en -0.50 kg/m2 in de alternatieve expert-
scenario’s. De relatieve effecten voor de gedeeltelijke interventieschool versus controle 
scholen varieerden van -0.17 kg/m2 in het basisscenario tot -0.04 kg/m2 en -0.21 kg/m2 
in de alternatieve expert-scenario’s. De mixed-methods gerichte aanpak was behulpzaam 
bij het specifiëren van onzekerheid rondom effectbehoud van school gebaseerde 
leefstijlinterventies. Verdere observaties tijdens de middelbare schoolperiode kunnen de 
onzekerheid rondom toekomstige mogelijke opbrengsten verkleinen. 
 
Hoofdstuk 8 presenteert de kosteneffectiviteit van de volledige en gedeeltelijke 
interventieschool en beschrijft de effecten op sociaaleconomische gezondheidsverschillen. 
De gezondheids-economische impact van de interventiescholen werd vergeleken met een 
regulier schoolprogramma en werd berekend vanuit een gezondheidszorgperspectief en 
maatschappelijk perspectief. In een kind-adolescentie model werden de effecten van de 
interventies op BMI vertaald naar de veranderingen in gewichtsklasse, gezondheids-
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zorgkosten, QALYs en schoolverzuim tot 20-jarige leeftijd. Vervolgens werden de gevolgen 
voor chronische aandoeningen, QALYs, gezondheidszorgkosten en productiviteitskosten 
over de rest van de levensloop gemodelleerd met het RIVM Chronisch Ziekten Model 
(RIVM-CDM). Voor de hoofdanalyse werd verondersteld dat de geobserveerde 2-jaar 
effecten werden behouden (constante relatieve effecten). Aanvullende scenario analyses 
werden uitgevoerd om te kijken hoe de resultaten veranderden door rekening te houden met 
andere scenario’s voor effectbehoud (Hoofdstuk 7). Met subgroep analyses werd gekeken 
naar de kosteneffectiviteit voor verschillende sociaaleconomische groepen. Voor het 
gezondheidszorgperspectief waren de kosten per gewonnen QALY (gedeeltelijke 
interventieschool vs. controle: €58,698, volledige vs. gedeeltelijke interventieschool: 
€248,206 / gewonnen QALY) voor de volledige en gedeeltelijke interventieschool hoger 
dan de Nederlandse drempelwaarde voor preventie (€20,000 per gewonnen QALY). Voor 
de volledige interventieschool en een maatschappelijk perspectief bleven de kosten per 
gewonnen QALY onder de drempelwaarde (volledige interventieschool vs. controle school: 
€19,734 / gewonnen QALY; 50% kans op kosteneffectiviteit; de volledige interventie-
school leidde tot lagere kosten en meer QALYs in vergelijking met de gedeeltelijke 
interventieschool). Op basis van de interventie-effecten per sociaaleconomische groep, 
leidden de interventies tot een gunstige impact op gelijkheid (gemiddeld meer gewonnen 
QALYS in de lage versus de hoge sociaaleconomische groep). Deze win-win situatie voor 
de volledige interventieschool, de gunstige impact op kosteneffectiviteit en 
gezondheidsverschillen, kan echter alleen gerealiseerd worden onder de optimistische 
voorwaarde dat de interventie-effecten in alle sociaaleconomische groepen blijven 
behouden tot jongvolwassenheid.  
 
Hoofdstuk 9 vat de onderzoeksresultaten samen en reflecteert op de implicaties voor 
onderzoek, beleid en praktijk. Allereerst laat het onderzoek in dit proefschrift zien dat 
leefstijlinterventies voor het onderwijs op de korte termijn een gunstige invloed hebben op de 
gezondheid van kinderen. Hoewel interventies over het algemeen leidden tot gunstige 
gezondheidsuitkomsten, is een overstijgende aanpak nodig om meerdere oorzaken van 
sociaaleconomische gezondheidsverschillen bij kinderen aan te pakken. Het tweede doel 
was de methoden van kosteneffectiviteitsonderzoeken naar leefstijlinterventies voor het 
onderwijs in kaart te brengen. Uit het onderzoek bleek dat de meeste economische 
evaluaties geen uitkomsten buiten gezondheid includeerden (bijv. sociale, emotionele en 
cognitieve uitkomsten). Verder onderzoek zou uitkomsten buiten gezondheid moeten 
meenemen en informatie afstemmen op de behoeften van besluitvormers. Om dit te bereiken 
zou een uitkomstenraamwerk (core outcome set) ontwikkeld kunnen worden. Dit raamwerk 
zou uitkomsten buiten gezondheid en diverse besluitvormingscriteria moeten bevatten. Het 
raamwerk zou ook uitgebreid kunnen worden met een ‘heat map’ die het gewicht (belang) 
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van uitkomsten en criteria voor besluitvormers aangeeft. Het derde doel was om de 
kosteneffectiviteit van de volledige en gedeeltelijke interventieschool te berekenen. Op de 
korte termijn hebben de interventies niet geresulteerd in financiële opbrengsten. Afhankelijk 
van het belang dat wordt gehecht aan niet-financiële uitkomsten zoals verbetering van 
fysieke en sociale gezondheid, kan met name de volledige interventieschool wel een 
strategie zijn die loont. Vanuit een maatschappelijk perspectief bekeken is de volledige 
interventieschool op de lange termijn een kosteneffectieve interventie en heeft het geen 
negatieve gevolgen voor gezondheidsverschillen. Dit geldt alleen wanneer effecten in alle 
sociaaleconomische groepen kunnen worden behouden over de tijd. Metingen na de 
basisschoolperiode kunnen worden uitgevoerd om de onzekerheid rondom toekomstige 
gezondheids-economische impact te verkleinen. Om de toekomstige gezondheidsopbrengst 
te vergroten kunnen beleid en praktijk focussen op het verkennen van de waarde van 
aanvullende acties zoals intensieve ouderbetrokkenheid en voortzetting van de interventies 




























This part of the dissertation focuses on the valorisation of the results. Valorization of 
knowledge is the process of making knowledge suitable and available for social (and/or 
economic) use. The value of the results for children, policymakers, collaborators, and 
researchers will be described. Secondly, the activities that have been completed and should 
be undertaken to disseminate the results are outlined.  
Societal value 
Children and their families 
The Healthy Primary School of the Future aimed at encouraging and helping children to 
adopt a healthy lifestyle. The project would not have been successful without the help and 
enthusiasm of all children and their families. Appendix 1 includes an infographic to 
summarize the Healthy Primary School of the Future for children (in Dutch).  
Policymakers 
In the Netherlands, as well as in other countries, local municipalities have been given a 
formal task for health promotion (Wet publieke gezondheid). Although municipalities do not 
decide on the specific interventions for schools, they support school health promotion 
through policies and regulations (gezondheidsnota’s), collaboration arrangements, and 
investments. Local health departments (GGD) are commissioned by municipalities to support 
schools with implementing health promotion strategies. Provinces and national governments 
also shape the conditions for implementation of school health promotion through policies, 
investments, and collaboration networks. 
Many policy documents emphasize the role of school health promotion in avoiding future 
chronic disease. This dissertation offered insight on the magnitude of the potential benefits of 
school health promotion. It also showed the uncertainty around future benefits, which may 
create awareness at the national level on the importance of uncertainty for securing the 
anticipated future benefits of school health promotion. Incentives at the national level would 
support local policy-makers in acting upon uncertainty by focusing on intensive parental 
involvement, follow-up, and intervention continuation in secondary school. Furthermore, the 
thesis informed policymakers on the distribution of outcomes over socioeconomic groups. 
These results can be used in developing and substantiating policies and implementation 
strategies.  
The chapters focusing on the investments and two-year outcomes of the Healthy Primary 
School of the Future showed which resources are required and which changes are realized 
for children, parents, school personnel, and others. The chapter on the social value of the 
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Healthy Primary School of the Future showed that cost-effectiveness or ‘value for money’ are 
not static concepts. Creating a shared vision on the ‘added value’ of school health 
promotion is an important step in making implementation and investment decisions. As this 
vision is context-specific, we did not provide a blueprint for measuring the value of school 
health promotion, but showed an overview of outcomes that can be used as a starting point 
in selecting critical outcomes. This can guide policymakers and their partners in setting goals, 
in making agreements on intended outcomes, and in developing a monitoring and 
evaluation framework. Last, the detailed overview of the required investments can help 
policymakers in determining the level of investment and in creating conditions (e.g. 
regulations) to facilitate a targeted and fair distribution of investments among stakeholders. 
Collaborators 
Participation of community members and private and public organizations is key in school 
health promotion. The implementation of the Healthy Primary School of the Future initiative 
was realized through engagement of the following persons: teachers, school boards, 
parents, public health professionals from local health departments, childcare providers, and 
(non-) private organizations involved in sports and nutrition. The commitment of all these 
parties is pivotal to be able to deliver interventions like the Healthy Primary School of the 
Future. In addition to the required support (through consent, organizational support, time 
investments etc.), they may experience certain benefits. Before deciding on their 
involvement, these persons will therefore evaluate the ‘added value’ that a school health 
promotion strategy has for them. These value judgements are shaped by, amongst others, 
people’s beliefs, experiences, success stories of others, and (scientific) knowledge. This 
dissertation offers scientific information on the outcomes that can be attained at the short, 
medium, and long term, which can be used in the communication on school health 
promotion, and can thereby contribute to informed decisions. 
Researchers 
The costing study, the summary of economic evaluations, and the evaluations on HPSF and 
PAS provided researchers and evaluators with examples and suggestions for designing cost-
effectiveness studies. The study assessing the short-term value of the Healthy Primary School 
of the Future moved away from conventional approaches and integrated health outcomes 
and outcomes beyond health to assess the cost-effectiveness. Researchers can consider this 
approach in evaluating school health promotion strategies. The long-term cost-effectiveness 
study examined equity impacts and cost-effectiveness simultaneously, which can also be 
employed for modeling studies on other health promotion interventions.  
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Dissemination of findings 
The results of this dissertation have already been distributed via various channels. To 
disseminate the results to the scientific community, the findings have been published in 
national and international peer-reviewed journals and have been presented at 
(inter)national conferences (in the area of health technology assessment and school health 
promotion).  
Other strategies have been undertaken to disseminate the findings on the Healthy Primary 
School of the Future initiative to children and parents, local policy-makers, and 
professionals. Overall, they aimed at sharing results to inform other about the Healthy 
Primary School of the Future, to ensure that others can learn from our experiences, and to 
seek new opportunities for collaboration and dissemination of the Healthy Primary School of 
the Future. A shortlist of valorization products can be found in Appendix 2. 
The results of this research have been communicated to local, regional, and national policy-
makers via round table discussions, annual reports, and via communication for/with the 
Province of Limburg. In addition, results were presented to professionals by presenting the 
findings at local symposia and events (e.g. Roadshow Healthy Primary School of the Future, 
Symposium Healthy Primary School of the Future, presentation for the ‘Alles is Gezondheid’ 
network in South-Limburg). Short summaries on the findings have been posted on our 
website (www.degezondebasisschoolvandetoekomst.nl). Study findings have also been 
shared with schools and parents via factsheets, information letters, and short videos. 
Moreover, the project team shared experiences and results on the Healthy Primary School of 
the Future by a public friendly book, inviting policy makers, teachers, and journalists to visit 
schools, collaborating on newspaper articles, and so on (see Appendix 2). 
 
We have worked together with the National Institute for Public Health and the Environment 
(RIVM), Wageningen University, and the VU Amsterdam on a policy report informing the 
Dutch Minister of Health on the feasibility and impact of implementing healthy school 
lunches and structured physical activity at the national level. We also intend to develop a 
tool to aid policymakers and partners in creating a shared vision on the value of school 
health promotion. With such a tool, they should be able to select and specify criteria that 
determine ‘added value’, select measurement indicators and instruments, set goals, and 
specify the overall value assessment. As such, we aim to further translate the results into 












































Shortlist of valorisation products on the Healthy Primary School of the Future 
project 
 Article. ‘Onderzoek naar landelijke uitrol Gezonde Bassischool van de Toekomst’. 
November 20, 2019. Accessible via: https://www.maastrichtuniversity.nl/nl/nieuws/ 
onderzoek-naar-landelijke-uitrol-gezonde-basisschool-van-de-toekomst 
 News article ‘Gezonde lunch heeft effect, veel meer scholen haken aan’. De Limburger. 
November 19, 2019. Accessible via: https://www.limburger.nl/cnt/ 
dmf20191118_00133221/gezonde-lunch-heeft-effect-veel-meer-scholen-haken-
aan 
 NOS Jeugdjournaal. ‘Langere lunchpauze is gezond’. November 19, 2019. 
Accessible via: https://jeugdjournaal.nl/artikel/2311154-langere-lunchpauze-is-
gezond.html 
 NOS Journaal. November 19, 2019. Accessible via: https://www.npostart.nl/nos-
journaal/19-11-2019/POW_04056948 (11:58). 
 News article ‘Papa, dat mag ik niet eten, dat is ongezond’. NRC. October 29, 2019. 
Accessible via: https://www.nrc.nl/nieuws/2019/10/29/pap-dat-mag-ik-niet-eten-
dat-is-ongezond-a3978336 
 News item. ‘Waarom alle leerlingen van De Schatgraver met een lege broodtrommel 
naar school komen’. May 6, 2019. Accessible via: https://www.verus.nl/ 
actueel/blogs/hester-van-de-kaa/waarom-alle-leerlingen-van-de-schatgraver-met-
een-lege-broodtrommel  
 Booklet ‘Gezonde bassischool van de toekomst: van leer- naar leefschool’. April 2019. 
Jansen, M. & Burhenne, K. Provincie Limburg. Accessible via: 
https://www.degezondebasisschoolvandetoekomst.nl/upload/1902712gezondeba
sisschoolvandetoekomst-DEF.pdf 
 News item. ‘#WijzijnLimburg: Gezonde Basisschool van de Toekomst. January 30, 
2019. Accessible via: https://l1.nl/wijzijnlimburg-gezonde-basisschool-van-de-
toekomst-147193/ 
 News item. ‘Compilatie belevingsbezoek Gezonde Basisschool van de Toekomst 
Kerkrade’. Alles is Gezondheid. November 30, 2016. Accessible via: 
https://www.youtube.com/watch?v=SBwXmtC4kbk&feature=emb_title 
 News item. ‘Staatssecretaris Dekker op bezoek in Limburg’. May 23, 2016. De 
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